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ABSTRACT

Horses, used for various purposes for centuries, are today commonly used for sporting purposes. It is critical to identify the
horses that are used in this way by using the coat color and markings on the horse. The animal material for this research
consisted of 101 Arabs and 206 Thoroughbreds. The most common coat color was BAY (56.6%). The least common coat colors
were BLACK (0.3%) and DUN (0.3%). The presence of head marks on horses rated 0, 1, 2, 3, 4, and 5, and the rate of presence
of the head mark were 17.2%, 29.2%, 7.5%, 6.8%, 26.0%, and 13.3%, respectively. When examining leg markings, the most
common mark was the half-stocking (16.9%) on the left back leg, while the stocking (1.3%) was the least frequent mark on the
front right leg. According to the findings of the study, which was conducted to analyze the condition of Arab and Thoroughbred
horses, BAY was the most common coat color seen in horses in general. Leg markings were rarely seen on both Arabians and
Thoroughbreds. Consequently, this both situation is due to the preferences of breeders and horse owners.

Arap ve Ingiliz atlarinda don rengi ve nisanelerin dagilimi

Ozer

Yiizyillar boyunca ¢esitli amaglarla kullanilan atlar giinimiizde daha gok sportif amagla kullanilmaktadir. Bu sekilde
kullanilan atlarin kimliklendirilmesi biiyliik 6nem tasimakta ve bunun igin atlarin don rengi ile nisanelerinden
faydalamlmaktadir. Bu arastirma ile Tiirkiye’de yetistirilen 101 Arap ve 206 Ingiliz olmak iizere toplam 307 yaris
atinda don ve nisanelerin dagilimi incelenmistir. Genel olarak atlarda % 56,5 ile en ¢ok DORU don rengi
gbzlemlenirken, en az BOZ (% 0,3) ve YAGIZ (% 0,3) don renkleri goriilmiistiir. Atlara bas nisaneleri buldugu
bolgelere gore 0; 1; 2; 3; 4 ve 5 olarak puanlanmistir. Buna gore bas nisanelerinin bulunma oranlari sirasiyla % 17,2; %
29,2; % 7,5; % 6,8; % 26,0 ve % 13,3 olmustur. Atlarda sekiler incelendiginde % 16,9 ile en ¢ok sol arka bacakta
Yiiksek Seki, en az ise sag 6n bacakta Cizme Seki (% 1,3) goriilmiistiir. Sonug¢ olarak atlarin soy kiitiiklerine
kayidedilmesinde dnemli bir yeri olan Don rengi ve Nisanelerin, Arap ve Ingiliz atlarindaki durumunun incelenmesi
amaglanan bu ¢alismada atlarda en gok DORU don renginin goriildiigii belirlenmistir. Arap ve Ingiliz atlarinda bacak
nisaneleri nadiren goriildii. Bu iki durumun yetistircilerin ve at sahiplerinin tercihlerinden ileri geldigi sonucuna
varilmistir.

How to cite this article: Kocakaya A, Paksoy Y, Ozbeyaz C. Color and marking distribution in Arabian and Thoroughbred horses. Vet Hekim Der Derg
94 (2): 110-118, 2023. DOI: 10.33188/vetheder.1225758
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1. Introduction

Horses were domesticated 5,500 years ago at Botai (ancient Turkestan), located in Kazakhstan (1-9). There
had been evidence of bitting, tethering, milking, and corralling, all of which point to human-controlled management
(5,10).

The domestication of horses had a significant impact on human history in many ways, including the
acceleration of civilization; the revolutionization of warfare, transportation, and agriculture; food production; trade;
and the training of horsemanship (2,3,6,9,11-15). The recent evolution of domestic horses has been influenced by
human activities, especially the practice of using highly selective breeding to create multiple breeds, each with unique
characteristics (13). The height of an animal as measured form its withers, the color of its coat, its locomotion (the
way it moves), and its racing performance are the phenotypic characteristics that are easiest to observe and also the
ones that are considered to be the most important (12, 13).

Currently, there are almost 60 million horses on earth (16). The majority of horse breeds are presently being
selectively improved for qualities related to beauty and performance, with appearance being the primary focus (12).
In some countries, they are primarily restricted to the sports, hippotherapy, scientific studies, and recreation
industries, although they continue to play important roles in other countries, such as providing transportation,
plowing force, meat, milk, hair, and leather (2,3,6,9,11,14,15,17). In all periods and cultures, horse racing has been a
popular and intriguing hobby for people of all walks of life (18). As the popularity of racing grew, breeders began to
select horses that were both quicker and more durable than their predecessors (15,18). In Turkey, horses are generally
bred for racing and various sporting events, and only Arabian and Thoroughbred horses can participate in horse races
(3,9). For the purpose of identification and registration of pedigrees, the coat colors and markings of racing horses are
critical (3,6,9,11,15,19,20).

The color of an animal's coat has three important functions: it serves to conceal the animal, communicate
with it, and regulate physiological processes (21). So many wild animal species are similar in color, and these colors
provide them with a competitive edge over their non-uniformly colored counterparts in terms of camouflage,
reproductive success, adaptation, and disease tolerance (21). Wild horses known as Przewalski and Tarpan are
considered to be the progenitors of domesticated horses on earth (22). Researchers discovered that the color of horses'
coats, which are the best way to conceal them from natural predators, and the color of the current Przewalski horse
are very similar in their appearance (2,6). Approximately 11-12 thousand years ago, the appaloosa and the black coat
color first appeared (6). While horses have dark-colored coats in the wild, it is reported that the colors of coats that
are seen today occurred rapidly since people used certain coat colors in breeding right after domestication (2,4,6,23).
Horse owners and scientists from all over the world have been fascinated by the phenomenon of coat color for
centuries (7,13). This fascination can be attributed to the fact that its phenotypic properties are easy to recognize; as a
result, tracing the transmission of characteristics from one generation to the next is much easier (12). Coat color has
been the subject of genetic research in recent decades due to its considerable economic, aesthetic, and health
implications (7,12).

The mass of genes determined coat colors. The melanocortin-1 receptor gene (MCI1R/Extension-E)
constituted the primitive coat colors (2,6,20). Other genes, including the agouti signalling protein (ASIP/Agouti-A)
gene, act by changing or closing the effects of the "E" gene. "E" and "A" genes together are effective in the formation
of common coat colors such as black, bay, and chestnuts (2,6,15,20). The recessive "e" gene has an epistatic effect on
the recessive "A" gene, resulting in the phenotype of chestnut coat color (2,20). The "A" gene is effective in the
distribution of black regions in horses with chestnut coat colors; in other words, the "A" gene is responsible for the
formation of basic coat colors with black regions and constitutes most coat colors (2,6,20). The function of the
dominant "A" allele, which has a high incidence, is to create a BAY coat color by limiting the distribution of black
areas in the body (2,6,20). The recessive "a" allele results in a completely black coat color (2,6,20). Dilution genes
created variations of these three basic coat colors, such as (2,6,20). In most horse breeds, the frequency of the Bay
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coat color is higher than the other coat colors (2,20). There are other basic coat colors in several breeds where the
BAY coat color cannot be observed (2,20). The Syntaxin 17 (STX17/G) genes, together with the "E" and "A" genes
are responsible for horses' grey coat colors (2,6,20). Horses are born with normal pigmentation, but as they grow
older, their pigmentation begins to fade (24). By the time they are 6—8 years old, they have become white, with dark
skin pigmentation remaining (24). The dark colors dominated the birth of foals whose coats were affected by the
gene’s "E" and "A," while grey coat colors appeared when, over the course of time, they displayed the activity of the
gene "G" (2,6,20). Grey coat colors are common among horse breeds such as Thoroughbred, Arabian, and Percheron
(2,6,20). The formation of head and leg marks used in the recognition of horses is under the control of both genes
and the environment (2,6,20,25).

Nowadays, horse breeding is a globally significant sector that involves substantial investments in terms of
labor, time, and finances. Phenotypically and genetically superior horses fetch high prices in international markets.
The racing industry, overseen by the Turkish Jockey Club, holds official horse races at nine different tracks across
Turkey (26,27,28). So, it is critical to pedigree horses produced for racing using coat color and markings. The
purpose of this study was to ascertain the prevalence of different coat colors and markings on Arabian and
Thoroughbred horses in Turkey.

2. Material and Methods

The research material consists of 307 (101 Arabian and 206 Thoroughbred) horses. The data was collected in
2018 from private farms where horses are bred and a hippodrome. The coat colors and markings of the horses were
determined according to the statements of Ozbeyaz (9). For the headmarkers, faces are divided into five parts in
accordance with the descriptions by Giicliyener-Hacan and Ak¢apinar (29):

a) The area between the eye line and the poll,

b) The area extending from the lower border of the eye to the nostrils,
¢) The area between the nostrils and below them,

d) Upper lip area,

e) Lower lip and chin area.

Scores ranging from 0 to 5 were made for each horse according to the number of regions where the markings
are located. Accordingly, if there are no markings on the horse’s head, it is scored as 0; if there are markings in the a,
b, or ¢ regions, it is scored as 3; if there are markings in the a, b, ¢, d, and e regions, it is scored as 5.

Leg markings of all 307 horses were inspected according to Ak¢apinar and Ozbeyaz (1)'s reports, and the
general distribution of leg markings is given in Table 6.

The SPSS 18 statistics package programme was used in frequency analysis to determine the distribution of
coat colors and markings on horses.

3. Results

Arabian and Thoroughbred horses were 31.1% and 66.9%, respectively, of the 307 horses, which are
research materials. Likewise, out of 307 horses, 62.0% were female, and 38.0% were male (Table 1). 51.0% of
Arabian horses were male, 49.0% were female, and 31.6% of Thoroughbreds were male, and 68.4% were female
(Table 2). The age of the horses used in the study varied from 1 to 21 (Table 3).
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Tablo 1: Atlarin Irk ve Cinsiyete Gore Genel Dagilimi
Table 1: General Distribution of Horses by Breed and Gender

Arabian Thoroughbred Total
Male 51 65 116
Female 50 141 191
Total 101 206 307
Tablo 2: Arap ve Ingiliz Atlarin Cinsiyete Gére Dagilimi
Table 2: Distribution of Arabian and Thoroughbred horses by Gender
Rate (%)
Arabian Thoroughbred
Male 50.5 31.6
Female 49.5 68.4
Total 100.0
Tablo 3: Arap ve Ingiliz Atlarm Yasa Gére Genel Dagilimi
Table 3: General Distribution of Arab and Thoroughbred Horses by Age
Rate (%) Frequency
Age Arabian Thoroughbred General Arabian Thoroughbred General
1 - 3.4 2.2 - 7 7
2 10.8 14.0 13.0 11 29 40
3 31.7 16.5 21.5 32 34 66
4 13.8 53 8.1 14 11 25
5 13.8 11.2 12.1 14 23 37
6 9.9 7.8 8.5 10 16 26
7 5.0 10.7 8.8 5 22 27
8 4.0 7.8 6.5 4 16 20
9 2.0 4.4 3.6 2 9 11
10 3.0 34 33 3 7 10
11 2.0 0.5 1.0 2 1 3
12 1.0 3.9 2.9 1 8 9
13 2.0 1.9 2.0 2 4 6
14 - 1.9 1.3 - 4 4
15 - 1.5 1.0 - 3 3
16 - 1.9 1.3 - 4 4
17 1.0 2.9 23 1 6 7
19 - 0.5 0.3 - 1 1
21 - 0.5 0.3 - 1 1
Total 100 101 206 307
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The distribution of horse coat colors in the study was 27.6% chestnut, 56.5% bay, 15% grey, 0.3% dun, and
0.3% black (Table 4). The scoring rates according to the number of regions where horses have head marks were
17.2%; 29.2%; 7.5%; 6.8%; 26.0% and 13.3% for 0; 1; 2; 3; 4 and 5 areas, respectively (Table 5). The distribution of
the leg markings according to the leg is given in Table 6.

Tablo 4: At donlarinin genel dagilimi

Table 4: General distribution of horse coat colors

Rate (%) Frequency
Coat Color - :
Arabian Thoroughbred General Arabian Thoroughbred General

Chestnut 36.3 233 27.6 37 48 85
Bay 20.6 74.2 56.5 21 153 174
Grey 43.1 1.5 15.0 43 3 46

Dun - 0.5 0.3 - 1 1

Black - 0.5 0.3 - 1 1
Total 100 101 206 307

Arabian horses: Out of the total population of 101 Arab horses, 50.5% males and 49.5% females made up the
population (Table 2). The age of Arabian horses, which are research materials, varies between 2 and 17 years (Table
3). The distribution of coat colors in Arabian horses was 36.3% chestnut, 20.6% bay, and 43.1% grey (Table 4). The
scoring rates according to the number of regions where Arabian horses have head marks were 9.8%, 13.7%, 2.0%,
6.9%, 36.3, and 31.4% for 0, 1, 2, 3, 4, and 5 areas, respectively (Table 5). The distribution of the leg markings
according to the legs of Arabian horses is given in Table 6.

Tablo 5: Atlardaki bas nisanelerinin bolgelere gore genel dagilimi
Table 5: General distribution of head marks on horses by region

Arabian Thoroughbred General
Head Mark Rate (%)  Frequency Rate (%) Frequency Rate (%) Frequency
0 9.8 10 20.9 43 17.2 53
1 13.7 14 36.9 76 29.2 90
2 2.0 2 10.2 21 7.5 23
3 6.9 7 6.8 14 6.8 21
4 36.3 36 20.9 43 26.0 79
5 31.4 32 4.4 9 13.3 41
Total 100.0 101 100.0 206 100.0 307

Thoroughbred horses: The total number of Thoroughbred horses was 206 heads, of which 31.6% were male and
68.4% were female (Table 2). The ages of Thoroughbred horses ranged from 1 to 21 (Table 3). The coat colors of
Thoroughbred horses were distributed as follows: 23.3% were chestnut, 74.2% were bay, 1.5% were grey, 0.5% were
dun, and 0.5 were black (Table 4). The scoring rates according to the number of regions where Thoroughbred horses
have head marks were 20.9%, 36.9%, 10.2%, 6.8%, 20.9, and 4.4% for 0, 1, 2, 3, 4, and 5 areas, respectively (Table
5). Leg markings were found on just a small percentage of the 307 horses, including Arabians and Thoroughbreds
that were investigated. The distribution of the leg markings according to the legs of horses is given in Table 6.
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Tablo 6: Atlarda bacak isaretlerinin bacaklara gore genel dagilimi (%)
Table 6: General distribution of leg markings in horses according to legs (%)

Leg
Front Back

Right Left Right Left

No Mark Arabian 54.9 53.9 36.3 24.5
Thoroughbred 77.7 76.7 62.6 53.4

Total 70.1 69.2 53.9 43.8

Coronet Arabian 11.8 3.9 8.8 10.8
Thoroughbred 6.8 6.3 53 7.8

Total 8.4 5.5 6.5 8.8

Pastern Arabian 8.8 7.8 12.7 19.6
Thoroughbred 5.8 7.8 9.2 10.2

Total 6.8 7.8 10.4 13.3

Ankle Arabian 6.9 11.8 12.7 12.7
Thoroughbred 6.3 6.3 11.7 17.0

Total 6.5 8.1 12.0 15.6

Half-Stocking Arabian 16.7 20.6 26.5 30.4
Thoroughbred 1.9 1.5 9.7 10.2

Total 6.8 7.8 15.3 16.9

Stocking Arabian 1.0 2.0 2.9 2.0
Thoroughbred 1.5 1.5 1.5 1.5

Total 1.3 1.6 1.9 1.6

4. Discussion and Conclusion

In total, it examined 307 horses. 33.1% were Arabian, and 66.3% were Thoroughbred. 38.0% of the horses
were male, and 62.0% were female. A total of 44.4% of male horses were Arab and 55.6% were Thoroughbred.
26.2% of the female horses were Arab, and 73.8% were Thoroughbred. While 50.5% of Arabian horses were male
and 49.5% were female, 31.6% of Thoroughbred horses were male and 68.4% were female. The ratio of males to
females in Arabian and Thoroughbred horses was found to be higher in Arabians, but the percentage of females in
Thoroughbred horses was found to be much higher.

Bay was the coat color that was most frequently detected in this study of horse coat colors, accounting for 56.
6 percent of the total number of horses analysed. Additionally, the coat colors of chestnut, grey, dun, and black were
determined to be 7.6%, 15.0%, 0.3%, and 0.3%, respectively. Despite the fact that the most common coat color
identified in Arabian horses was grey (43.1%), the most common coat color observed in Thoroughbred horses was
bay (74.4%). The high occurrence of grey coat colors in Arabian horses found in this study is consistent with the
findings of other studies (8,30).

Glicuyener-Hacan and Akcapinar (29) reported on the coat color of Arabian horses at Sultansuyu State Farm
and Mahmudiye Stud Farm, respectively, and the findings of this study were consistent with their findings. However,
they were incompatible with the findings of Anadolu and Karacabey State Farms (29) and some other studies (31,32).
This misalignment is supposed to be caused by certain Arabs becoming grey after three or more years of age (20).
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Whereas the low prevalence of grey coat color in Thoroughbred horses contradicts reports that grey coat
color is dominant (2,6,8,20,33), it is thought that this situation is caused by the greying occurrence in Thoroughbred
horses at older ages than in Arabs (2,20) and breeder preferences.

The frequency of coat color in Arabs is measured from the most common to the least common color for the
coat in this study, such as grey coat color (43.1%), chestnut coat color (36.6%), and bay coat color (20.6%). The bay
coat color (74.2%) is the most prevalent coat color seen in Thoroughbred horses, followed by the chestnut coat color
(23.3%), the grey coat color (1.5%), the dun color (0.5%), and the black coat color (0.5%). In contrast to Arab horses,
dun and black coat colors were observed in Thoroughbred horses.

The general occurrence of head marks on horses was detected by 17.2%, 29.2%, 7.5%, 6.8%, 26.0%, and
13.3% for 0, 1, 2, 3, 4, and 5, respectively. When the breeds were examined, these rates were determined to be 9.8,
13.7, 2.0, 6.9, 36.3, and 31.4% for Arabian horses and 20.09, 36.9, 10.2, 6.8, 20.9, and 4.4% for Thoroughbred
horses, respectively. According to the results of the study, the rate of not seeing any head marks at all in one region
and two regions of Thoroughbreds was higher than that of Arabs, while the rate of head marks in the three, four, and
five regions of Arab horses was higher than that of Thoroughbreds. In the study, the visibility of the head marks of
the Arabs has grown from 0 to 5, while it decreases in 2 and rises again in 3. Although it agreed with the data
provided by Giiciiyener-Hacan and Akcapinar (29) for Arab horses raised in Anatolia, Karacabey State Farms, and
Mahmudiye Stud Farm, it was different from the data reported for Arab horses raised in Sultansuyu State Farm.

Generally, when the horses are analyzed according to their leg markings, the most frequent marking is half-
stocking (16.9%) seen on the left back leg, while the least common one is stocking (1.3%) on the right front leg.
While the condition of leg markings in Arabian horses is similar to the general situation, the most prevalent marking
on Thoroughbred horses is ankle markings (17.0%) in the left-back leg.

The high frequency of half-stocking marks found on the back left leg and the low prevalence of stocking
marks found on the right front leg in this study resembled the findings from Giiciiyener-Hacan and Akgapinar’s (29)
study of Arabian horses at Anadolu, Karacabey, and Sultansuyu State Farms but are clearly different from the report
of the same authors at Mahmudiye Stud Farm.

To summarize, coat colors and marking information are crucial for the identification of horses as well as
their usage in the registration of pedigrees. Within the scope of this study, the incidence of coat color and markings in
Arab and Thoroughbred racehorses in Turkey has been investigated in order to have a better understanding of the
overall condition. Among the Thoroughbreds studied in this study, bay is the most common coat color, while grey is
the most common coat color among Arabian horses studied in this study. It can be based on the old belief that bay
and grey horses can easily be distinguished from other horses and have a strong reputation among Thoroughbred and
Arabian horse breeders. Leg markings were rarely seen on both Arabians and Thoroughbreds. Leg markings were
rarely seen on both Arabians and Thoroughbreds. This can be based on the strong belief that lighter legs are easier to
break.
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1. Introduction

Milk is an important animal product because of its nutritional values and positive effects on health. More than
90% of milk production in Turkey is obtained from dairy cattle and mostly Holstein and Simmental breeds (1). Holstein
cows, which are susceptible to diseases but have a high milk yield, are known as the most widely raised breed in the
world (2,3). Simmental cows, which are highly adaptable, resistance to diseases and frequently preferred in breeding
studies, are a combined yield-oriented breed (2-4). In dairy cattle enterprises, milk revenues should cover feed expenses.
Thus, milk revenue is crucial factor for profitability. Milk composition and milk quality are effective factors on milk
revenue. Also, milk composition and milk quality has become an important factor with the advancement of technology.
Fatty acid profile and fat percentages of milk have increasingly evaluated as quality indicators in terms of human health
as well as animal husbandry and dairy industry (5,6). It is known that fatty acids have benefits such as preventing
coronary heart diseases and reducing cholesterol in terms of human health (7). In addition, it has known that these
indicators are affected by environmental factors and phenotypic characters.

Multivariate statistical methods are frequently applied to the data obtained from studies in the field of animal
husbandry (8). Multiple linear regression, which is one of multivariate statistical methods, is a method that makes
predictions between a dependent variable and multiple independent variables by establishing a relationship with
mathematical models. In addition, predictions can be made using the mathematical model created with the analysis (9).

It was aimed to investigate the fatty acids in milk that are affected on total milk fat of cows with multiple linear
regression analysis in this study. Moreover, the effects of breed (Holstein-Simmental cows) and pregnancy status
(pregnant-non-pregnant) were also investigated.

2. Material and Methods

Milk samples were collected in accordance with the “Regulation on Studying Procedures and Principles of
Animal Experiments of Ethics Committees™ of the Ministry of Agriculture and Forestry (2014, Republic of Turkey)
and the regulations of Animal Experiments Local Ethics Committees of Hatay Mustafa Kemal University. In addition,
required approvals were obtained from the enterprise.

The study material consisted of milk samples that were collected from Holstein (n=269) and Simmental
(n=131) cows in a private dairy enterprise in Kayseri, Turkey. In addition, the pregnancy status of these animals
(pregnant n=128 and non-pregnant n=272) were also recorded from the enterprise record system (AfiMilk, Afkim,
Israel). The cows included in the study were housed in freestalls and fed TMR with 57.8% dry matter and 17.8% crude
protein under similar environmental conditions. Moreover, the animals were healthy according to the results of the
California Mastitis Test (CMT).

Milk samples were collected into two sterile falcons with a total of approximately 100 ml during morning
milking. After the milk collection process, one falcon of the milk samples from each animal was used for measurement
of the total milk fat by milk analyzer (Milkotester Master Classic LM2, Bulgaria) in the laboratory of the enterprise.
The second falcon of the milk samples was transferred to the laboratory in cold chain for the fatty acid analysis. The
milk samples brought to the laboratory were centrifuged at + 4°C 1800 xg for 15 minutes to collect the cream layers.
After centrifugation, the cream layers were collected after the samples were kept at -20 °C for 15 minutes. Afterwards,
fatty acid extraction was performed with 2 ml of methanolic KOH, and milk fatty acids were analyzed by gas
chromatography device (Shimadzu GC-2025, Japan). Total milk fat measurement, extraction process and fatty acid
analysis were performed according to the methods reported by Ozkan et al. (10) and Ozkan et al. (11). The milk fatty
acid composition of the samples was expressed as percentage (%).



Vet Hekim Der Derg 94 (2): 119-126, 2023 121

Statistical analysis

Before the study, power analysis was performed to determine the sample size. As a result of the power analysis,
a total of 340 milk samples were found to be appropriate, with type 1 error probability (o) = 0.05, power (1-p) = 0.80
and f (effect size) = 0.17. The variables were primarily evaluated in terms of parametric test assumptions. As a result,
it was determined that the parametric test and multiple linear regression assumptions were met. The relationships
between the total fat in milk (%) (the dependent variable) and breed, pregnancy status and fatty acids (independent
variables) were examined using multiple linear regression analysis. Backwards stepwise method was used in the
regression analysis. The autocorrelation of the residuals was evaluated using the Durbin-Watson test, and the
multicollinearity of the independent variables was evaluated using the Tolerance and VIF values. Descriptive statistics
were calculated (mean, standard error). G*Power Version 3.1.9.2 was used for power analysis and Stata 12/MP4
statistical program was used for statistical analysis. Differences with p < 0.05 were considered statistically significant,
and those with 0.05 < p < 0.10 were considered tendencies.

3. Results

Descriptive statistics for total milk fat and fatty acid composition were represented in Table 1.

Table 1: Descriptive statistics for fat and fatty acid profile of total milk

Tablo 1: Toplam siit yagi ve yag aside profili i¢in tammlayict istatistikler

Variables (%) Mean SE Variables (%) Mean SE
Milk fat 4.753 0.090 C18:2 06 2.128 0.033
C4:0 0.964 0.069 C18:3 03 0.070 0.006
C6:0 2.295 0.115 C18:3 w6 0.285 0.006
C8:0 2.374 0.088 C20:0 0.070 0.007
C10:0 6.329 0.173 C20:1 ©7 0.029 0.003
C11:.0 0.403 0.012 C20:2 06 0.041 0.004
C12:0 6.886 0.118 C20:3 06 0.044 0.004
C13:0 0.245 0.005 C20:4 06 0.103 0.007
C14:0 16.819 0.114 C20:3 »3 0.049 0.005
Cl4:1 05 1.852 0.035 C20:5 03 0.054 0.005
C15:0 1.348 0.018 C21:.0 0.185 0.005
Cl15:1 ©5 0.202 0.008 C22:0 0.053 0.005
C16:0 38.360 0.344 C22:1 ©9 0.057 0.004
Cl6:1 o7 2.087 0.036 C22:2 06 0.033 0.003
C17:0 0.354 0.006 C22:6 ®3 0.042 0.005
C17:1 ®8 0.201 0.005 C23:0 0.072 0.005
C18:0 3.384 0.065 C24:.0 0.043 0.005
Cl18:1 ®9 12.487 0.179 C24:1 ®9 0.055 0.006

SE: standard error

Before performing to the multiple linear regression analysis, the assumptions of the regression analysis were
checked. For this purpose, the autocorrelation of the residuals was examined by Durbin-Watson test, and the
multicollinearity problem was examined by VIF and tolerance values. As a result of the Durbin-Watson test, it was
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determined that the residuals were not related to each other. As a result of the analysis that performed to determine the
multicollinearity problem, C4:0, C6:0, C8:0, C10:0 and C12:0 fatty acids were not included in the multiple linear
regression model since their VIF values were >10. The regression model created with the remaining fatty acids, breed
and pregnancy status was shown in Table 2. In addition, as a result of the multiple linear regression analysis, the
variables that were not statistically significant were shown in Table 3.

Table 2: Result of multiple linear regression model

Tablo 2: Coklu dogrusal regresyon model sonucu

Variables ] SE t p
Constant 7.638 1.375 5.554 <0.001
Breed 0.944 0.188 5.014 <0.001
Pregnancy Status -1.164 0.187 -6.222 <0.001
C11:0 0.933 0.404 2.308 0.022
C14:0 -0.138 0.058 -2.390 0.017
C18:0 0.375 0.104 3.616 <0.001
C18:1 09 -0.100 0.045 -2.228 0.027
C18:3 ®3 -1.431 0.786 -1.822 0.069
C18:3 w6 -3.257 0.94 -3.466 0.001

R?=0.238 (F=12.671 ; p<0.001), 3: regression coefficient, SE: standard error, t: t statistic

Breed (p<0.001), pregnancy status (p<0.001), C11:0 (p=0.022), C14:0 (p=0.017), C18:0 (p<0.001), C18:1 @9
(p=0.027) and C18:3 w6 (p=0.001) were found to be statistically significant, while the C18:3 ®3 (p=0.069) was nearly
significant on total milk fat. It was revealed that the variables given in Table 2 had an effect of 24% on total milk fat
and the established model was statistically significant (R?=0.238) (p<0.001). The model created as a result of the
regression analysis was shown in the equation below.

Total Milk Fat = 7.638 + (0.944 x Breed) + (-1.164 x Pregnancy Status) + (0.933 x C11:0) + (-0.138 x C14:0)
+(0.375 x C18:0) + (-0.100 x C18:1 ©9) + (-1.431 x C18:3 ®3) + (-3.257 x C18:3 w6)

According to this model, Holstein cows increased total milk fat by 0.944 units more than Simmental cows.
Pregnant cows reduced total milk fat by 1.164 units compared to non-pregnant cows. One unit increase in C11:0 and
C18:0 fatty acids increased the total milk fat by 0.933 and 0.375 units, respectively. Finally, one unit increase in C14:0,
C18:1 ®9, C18:3 w3, and C18:3 w6 fatty acids decreased the total milk fat by 0.138, 0.100, 1.431 and 3.257 units,
respectively.

4, Discussion and Conclusion

Milk quality, composition and fatty acid profile vary depending on genetic, environmental, and phenotypic
factors. In addition, milk fat, which is one of the unique components of milk and its importance for health, is always
considered as a current quality parameter (12). In this study, milk samples collected on the same control day were
evaluated. Thus, the factors of breed and pregnancy status and fatty acid profile that have an effect on total milk fat
were evaluated by limited and similar environmental conditions.
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Table 3: The variables removed from regression model

Tablo 3: Regresyon modelinden ¢ikarilan degiskenler

Variables B t p
C13:0 0.083 1.349 0.178
Cl4:1 o5 -0.039 -0.670 0.504
C15:0 0.028 0.542 0.588
Cl15:1 o5 -0.018 -0.351 0.726
C16:0 -0.078 -1.047 0.296
Cl6:1 o7 0.039 0.636 0.525
C17:.0 0.063 0.985 0.326
C17:1 ®8 0.019 0.315 0.753
C18:2 06 -0.086 -0.960 0.338
C20:0 0.019 0.339 0.735
C20:1 o7 -0.001 -0.027 0.979
C20:2 06 -0.010 -0.157 0.875
C20:3 w6 -0.043 -0.774 0.440
C20:4 06 0.079 1.338 0.182
C20:3 ®3 0.038 0.680 0.497
C20:5 ®3 -0.010 -0.172 0.864
C21:0 -0.060 -0.937 0.350
C22:0 -0.047 -0.841 0.401
C22:1 ®9 -0.054 -0.940 0.348
C22:2 w6 -0.060 -0.984 0.326
C22:6 ©3 -0.046 -0.816 0.415
C23:0 -0.024 -0.389 0.697
C24:0 -0.029 -0.548 0.584
C24:1 ©9 0.051 0.861 0.390

B: regression coefficient, t: t statistic

Multiple linear regression analysis is a statistical method that aims to mathematically reveal the relations
between a dependent variable and the independent variables that are thought to affect the dependent variable (9). There
are different studies such as estimation of blood parameters using the composition of milk and fatty acids, determination
of milk fatty acids content using different methods, evaluation of adulteration in milk fat, and the effects of milk
composition parameters on fatty acids (12-15). The determination of the effects of breed, pregnancy status and fatty
acids on total milk fat by multiple linear regression analysis showed that it is unique in the literature.

Milk fat can be affected by various factors such as breed, nutrition, lactation, metabolic and health status (16).
Similar to our study, studies were reported that Holstein cows’ milk is higher than Simmental cows in terms of milk fat
(17,18). In addition, studies were shown that pregnancy is effective on milk composition parameters in cows (19,20).
In another study, it was reported that pregnancy affects milk composition and varies according to pregnancy stages
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(21). On the other hand, the fact that the pregnancy stages of the cows were not determined in the study was considered
as a limitation.

The data set in the study showed that there are generally significant relationships between milk fat and fatty
acids. In consequence of the multiple linear regression analysis, it was found that there was a positive relationship
between milk fat and C11:0 and C18:0 fatty acids, and a negative relationship between C14:0, C18:1 9, C18:3 w3,
and C18:3 w6 fatty acids. In a study, similar to our study, it was emphasized that the relationships between milk fat and
C14:0,C18:0 and C18:1 09 fatty acids were at a significant level, and that the C18:3 3 level should be evaluated (22).
While medium-chain fatty acids are synthesized de novo in the mammary gland, fatty acids longer than C16:0 pass into
milk through the circulatory system (23,24). The statistical significance of medium-chain fatty acids in our study
suggested that it may be related to the activity in mammary epithelial cells. In addition, it was thought that C11:0 fatty
acid might have a positive relationship with milk fat, since it plays a role in fat metabolism (25). Fatty acids longer than
C16:0 usually originate from the ration (24). Although the cows in the study were fed with similar rations, it was
thought that the relationship might have resulted from the sample size and genotypic differences in breeds (26,27).

The multiple explanatory coefficient (R?) shows to what extent the independent variables explain the change
in the dependent variable (9). In our study, the R? value was found to be 0.238. Although the R? value was not very
high, it was thought that the explanation rate by these variables is sufficient.

As a result, it was determined that breed, pregnancy status and C11:0, C14:0, C18:0, C18:1 ®9, C18:3 w6 fatty
acids had a statistically significant effect on milk fat under the same environmental conditions. Considering the
importance of milk fat in terms of economy and health, it is thought that milk fat can be increased by applying
appropriate breeding protocols. In addition, examining different factors that may affect milk fat in future studies will
further improve the explanatory coefficient of the model to be established.
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ABSTRACT

This qualitative study was conducted to determine career plans of intern veterinarians and their approaches to academic career-
making. The data of the study were collected from the homework assignment files of 90 intern veterinarians participating in
Turkish and English intern rotation programmes of the Department of Veterinary History and Deontology, Veterinary Faculty,
Ankara University in the Fall Semester of the 2020-2021 Academic Year. In the research, under the theme of career plan, four
categories were created as “private sector”, “public sector”, “academic career” and “other”, and these categories were divided
into codes among themselves. The data were evaluated by the content analysis method. As a result of the research, it was
determined that 39 interns wanted to work in the field of pet medicine in the first place, while 13 interns wanted to pursue academic
careers in the first place. 26 interns had a positive attitude toward pursuing an academic career. For those who did not think about
an academic career but wanted to get a graduate degree, the most preferred field was clinical sciences. 62 participants, who did
not consider pursuing an academic career, stated that being an academic is a difficult and tiring profession as the primary reason.
The study showed that many parameters play a role in determining the career plans of intern veterinarians and academic career is

not preferred by them due to some disadvantages.

Intorn veteriner hekimlerin kariyer planlari ve akademik kariyere yaklasimlart
iizerine nitel bir ¢calisma

OZET

Nitel nitelikli bu arastirma, veteriner fakiiltesi son siuf 6grencilerinin mezuniyet sonrasi kariyer planlarini ve akademik
yasama yaklagimlarini belirlemek amaciyla gergeklestirildi. Caligmanin verileri, Ankara Universitesi Veteriner Fakiiltesi
Veteriner Hekimligi Tarihi ve Deontoloji Anabilim Dali’nda 2020-2021 Egitim-Ogretim Y11 Giiz Yartyilinda Tiirkge ve
Ingilizce intdrn programlarinda dgrenim géren 90 intdrn veteriner hekimin ddev dosyalarindan toplandi. Arastirmada
kariyer plani temast altinda “6zel sektor”, “kamu sektori”, “akademik kariyer” ve “diger” olmak tizere dort kategori
olusturuldu, bu kategoriler kendi aralarinda kodlara ayrildi. Elde edilen veriler igerik analizi ile degerlendirildi. Aragtirma
sonucunda 39 intorniin ilk sirada pet hekimligi alaninda ¢aligmak istedigi, 13 intdrniin ise ilk sirada akademik kariyer
yapmak istedigi belirlendi. 26 intérniin akademik kariyer yapmaya yonelik olumlu tutum sergiledigi goriildii. Akademik
kariyer diisiinmeyip lisansiistii 6grenim gormek isteyenlerin en ¢ok klinik bilimleri tercih ettikleri saptandi. Akademik
kariyer yapmay1 diistinmeyen 62 katilimer birincil neden olarak akademisyenligin zor ve yorucu bir meslek oldugunu
belirtti. Calisma, intern veteriner hekimlerin kariyer planlarinin belirlenmesinde bir¢ok parametrenin rol oynadigini ve
bazi dezavantajlar nedeniyle akademik kariyeri tercih etmediklerini gosterdi.

How to cite this article: Yerlikaya N, Unsal Adaca A, Golcii Melikoglu B, Basagag Giil T. A qualitative study on the career plans of intern veterinarians
and their approaches to academic career-making. Vet Hekim Der Derg 94 (2): 127-136, 2023. DOI: 10.33188/vetheder. 1191942
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1. Introduction

A career is defined as a process that is directly related to personal and organizational goals and is about the
work experience and activities of the person throughout life (1,2). Career planning, on the other hand, is the process of
determining the most appropriate path for the aimed goals in professional life (3). In other words, it is the planning of
an employee's progress or promotion in the organization he/she works with by developing knowledge, skills and
abilities (4). Career planning starts at an early age and has a very important place in life (5,6). Career (7,8), which is a
lifelong purpose and occupation, provides significant ease to individuals in terms of directing people to certain
professions or business areas starting from being a student. It is very important for university students to determine
which sectors they want to work in after completing their programs and to take steps towards their goals. Many studies
(1-10), have been conducted on the career plans and approaches to academic careers of this group.

Career planning has become one of the important components of the process of becoming a veterinarian, as
veterinary medicine offers the opportunity to work in many different sectors as a profession with a wide range of work
areas. There are various international studies (11-14) on the career planning of veterinary students and national studies
(15-20) that indirectly address this issue. However, there is no qualitative study directly on this subject. In this study,
it was aimed to contribute to the existing literature by determining the graduate career plans and approaches to academic
career-making of intern veterinarians in the sample of Ankara University Faculty of Veterinary Medicine (AUFVM)
students.

2. Material and Methods

This study was approved by the Ankara University Ethics Committee (Date: 28.06.2021, Approval Nr: 128).
The data were collected from the homework assignment files of 90 intern veterinarians participating in Turkish and
English intern rotation programmes of the Department of Veterinary History and Deontology, Veterinary Faculty,
Ankara University in the Fall Semester of the 2020-2021 Academic Year. In these files, there were homework
assignments written in free text format about the career preferences and approaches to academic career of a total of 90
students who participated in the intern practices of the Department in the period in question. The content analysis
method was used in the study. For this process, the homework assignment files were carefully read and then the data
were coded and categorized. In order to ensure the reliability of the study, the analysis was repeated three months after
the first analysis. After this repetition, the analysis was reviewed with the help of an expert, then the coding and
categories were finalized. Thus, the frequency was calculated for each response after internal consistency was achieved.
Research findings were presented in tables and some of the participants' sentences were quoted. In the last step, the
data were discussed with reference to related literature.

3. Results

The theme of the research was chosen as the graduation career plans of the interns. Under this theme, four
categories were created: “private sector”, “public sector”, “academic career” and “other”. The private sector category
was divided into four codes, the other categories were divided into two codes and the frequencies for these codes were
determined. Themes, categories, and codes created in qualitative data analysis were shown in Table 1.

Among the interns, 38 of them are male, 49 are female and 3 interns did not report their gender. Participants
reported multiple alternatives for graduate working fields rather than a single option. Table 1 shows the fields of work
preferred by intern veterinarians after graduation. Accordingly, most of the participants (n=39) stated that they wanted
to do pet medicine in the first place. It was determined that, after pet medicine, intern veterinarians want to work in
bovine and ovine medicine (n=13) and to pursue academic career (n=13) in the second place.

According to the qualitative data of the research, the interns who want to be clinicians in the category of private
sector, 13 of 54 stated that they want to open their own clinics in the future; 3 of 13 interns who want to become bovine
and ovine veterinarians stated that they have grown up with farm animals since they were born. Only 2 of all interns
(n=90) emphasized that they do not want to be a clinician while giving information about their intended field of work.
The statements of some interns who want to be clinicians are given below. The male intern with the code P86 expressed
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his desire to open a clinic as follows: “When I have sufficient knowledge and experience in time, | want to open my
own clinic.”

Some participants reported that they have ethical challenges and that the ethical and deontological problems
encountered in the clinic affect their career plans. The male intern with the code P33 explained why he prefers pet
medicine instead of being a bovine, ovine or other farm animals veterinarian as follows: “I think that farm medicine
based on exploitation is a hypocritical branch for us - veterinarians. Our aim to heal animals there and to get more
out of them and exploit them as much as possible does not seem compatible to me with either ethics or the notion of
medicine.” The intern with the code P54 said: “Especially financial concerns pushed both clinic owners and
veterinarians to disregard ethical principles. Even though our friends who are still students and work for free with the
promise of gaining experience in the clinics, veterinarians who do not even defend their legal rights and colleagues
who trample our ethical values for financial gain have made it difficult for us to do this job, I still try to look at the
situation with optimism.”

A female intern with the code of P81 expressed the dilemma she experienced in choosing a career stating that
she wants to be a clinician but also pointing out that there are some difficulties in this field: “Although I accepted the
difficulty of livestock, | gave up on this desire after | realized that my gender would prevent me from being promoted
in this sector.” Again, the P10 coded male intern's statement about the negative aspects of being a clinician as follows:
“Unfortunately, the number of clinics that match the veterinarian salary determined by the chamber is very few.” The
P63 coded, one of the two female interns who emphasized that she definitely does not want to be a clinician said: “/
feel too emotional to work in a clinic, on the other hand, I think that my strength will be insufficient for bovine and
ovine farms.” The male intern with the code P25, who plans to work as a public veterinarian gave information about
the field he wants to work in: “My primary goal will be to start my career in the provincial organizations of the ministry
and try to pay for the material and moral support I have received from the state so far by serving the public.” The
female intern with the code P13 stated that she wants to be employed in the public sector: “My top concerns for the
future are financial inadequacy and not being able to stand on my own.” According to some of the participants, the
fields they want to specialize in are cancer therapy, pharmacogenetics, behavioral sciences, public health, orthopedics,
dermatology, ophthalmology, cardiology, biomechanical modeling, artificial intelligence, nanotechnology,
biotechnology, molecular genetics, cage birds, neurology, wildlife medicine, emergency medicine, pig farm and
neurosurgery. The male intern with the code P59 said: “Artificial intelligence, machine learning, nanotechnology and
cybernetics studies continue to transform our lives and therefore professions in every field. Today, in the diagnosis and
treatment development of medicine, artificial intelligence supported systems have already started to be more sensitive
than humans. There is no need to be a soothsayer to see that this transformation will accelerate and render many
professions dysfunctional in the near future.” The female intern with the code P89 expressed her thoughts on veterinary
medicine and artificial intelligence: “I aim to do a Ph.D in artificial intelligence in the veterinary pharmaceutical
industry in the department of pharmacology.” Only 5 of the 90 interns included in the study stated that they want to
work abroad. Among these, the female intern with the code P40 stated that she wants to work abroad as follows: “I do
not want to work as an academic because of the conditions of Turkiye ”.

The distribution of intern veterinarians’ approaches to academic career by gender is presented in Table 2.
Accordingly, 18 female and 8 male interns stated that they want to pursue an adademic career, 29 female and 18 male
stated that they did not want to pursue an academic career, and 2 emphasized that they were undecided about an
academic career.
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Table 1: Fields of work preferred by intern veterinarians in the first place after graduation
Tablo 1: Intorn veteriner hekimlerin mezuniyet sonrasi ilk tercih ettikleri ¢alisma alanlar

[0)
Theme Category Code: Field of work N o
Pet medicine 39 433
. . - 14.4
Bovine-ovine medicine 13
Fields of work preferred Private sector . dici 2 2.2
by intern veterinarians in Equine medicine
the first place after Food sector 4 44
graduaton . 3.3
Pharmaceutical industry 3
Laboratory 3 33
Public sector Official veterinarian 8 88
Academic career Academy 13 144
L 2.2
Other Shelter veterinarian 2 1
Zoo veterinarian 1 '
Undecided 2 2.2
Table 2: The distribution of intern veterinarians’ approaches to academic career by gender
Tablo 2: Intérn veteriner hekimlerin akademik kariyere yaklasimlarinin cinsiyete gore dagilimi
Yes No Undecided
N % N % N %
Female 18 20 29 2 2.2
Male 8 8.8 30 - -
Unspecified - - 3 - -
Total 26 28.8 62 2 2.2

In Table 3, the reasons for the intern veterinarians who did not choose an academic career were shown.
Accordingly, the largest number of participants (7) indicated difficult and tiring living conditions as the reason, while
the least number of participants (2) stated that they did not prefer academic career due to the difficulties of academy

entrance exams.

Table 3: The reasons why intern veterinarians do not prefer academic career
Tablo 3: Intérn veteriner hekimlerin akademik Kariyeri tercih etmeme nedenleri

Reasons N %
Difficult and tiring living conditions 7 21.87
Financial problems 6 18.75
Teaching difficulties 5 15.62
Psychological pressures-hierarchical order 5 15.62
Finding available positions 4 12.5
Time-age problem 3 9.37
Difficulties of academy entrance exams 2 6.25

The female intern with the code P13 talked about the difficulties of academic life by saying: “I can't even think
of going into academia because of injustices and therefore concerns." The female intern with the code P63 said, “For
me, I think I see my lecturers competing at a fast and tiring pace, I wouldn't want to be like this.” Another female intern
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with the code P53 said: “I often have difficulties in transferring what I have learned to others, so | do not want to abuse
anyone's right to learn. ” The male intern with the code P21 clearly stated why he does not want to choose the academy:
“Being an academic is a condition that requires versatile skills (such as reading articles in English, doing research,
etc.) and especially time. I definitely do not feel ready for this, both financially and psychologically.” As can be seen
in Table 1, although 13 intern veterinarians stated that their first choice after graduation is graduate education, it was
determined that 57 interns add graduate education to their other preferences. It was noted that the interns who want to
pursue specialization or graduate education without thinking of being an academician desire to work in pet, bovine,
ovine, equine, shelter, food, pharmaceuticals and feed production, etc. sectors. The P58 coded intern clearly stated that
he would prefer graduate education, but he does not aim for an academic career: “I don't want to become an academic
even if | prefer to do a Ph.D.”

The departments that the veterinary candidates, who did not think about academic career but wanted to get
graduate degree are listed in Table 4 in preference order.

As can be seen in Table 4, the most preferred field for graduate degree was clinical sciences. On the subject,
the female intern with the code P22 said: “I think that a Ph.D is quite necessary for me now, since we will be away
from school and clinical applications during this pandemic we are in, and maybe we will graduate with very little
practice.” The female intern with the code P41, who is planning to do her graduate education in the department of
surgery, said: “There are many fields that make me happy and excited. Chief among these are clinical fields, primarily
surgery. Clinical sciences offer me the reason why I chose this profession, that is, a life that will allow me to be in
direct contact with animals.”

Table 4: Preferred departments for graduate degree
Tablo 4: Lisanstistii egitim icin tercih edilen alanlar

Division Department N %
Surgery 17 29.82
Internal Diseases 8 14.03
Clinical Sciences Obstetrics and Gynecology 1 1.75
Reproduction and Artificial Insemination 1 1.75
Pharmacology and Toxicology 7 12.28
Preclinical Sciences Virology 3 5.26
Microbiology 2 35
Food Hygiene and Technology Food Hygiene and Technology 3 5.26
Genetics 3 5.26
Animal Husbandry and Animal Animal Science 2 35
Nutrition Animal Health Economics and Management 2 3.5
Animal Nutrition and Nutritional Diseases 1 1.75
Biochemistry 3 5.26
Basic Veterinary Sciences Physiology 2 35
Histology-Embryology 1 1.75
Veterinary History and Deontology 1 1.75

4, Discussion and Conclusion

In the study, the career plans of the interns at AUFVM were divided into 4 groups as private sector, public
sector, academic career and other, and these categories were evaluated by separating them among themselves.
Accordingly, 64 out of 90 intern veterinarians stated that they preferred to work in the private sector after graduation,
and 39 of this group informed that they want to work in the field of pet medicine (see Table 1). This result is consistent
with various publications (13-14). A study by Ozen et al. (21) revealed that veterinarians working in public sector wait
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longer to find permanent employment compared to those working in private sector. It was also observed in this study
that veterinarians thought that the private sector was more advantageous than the public sector in terms of employment
opportunities. Indeed, flexibility in working hours and high income opportunities (14) are very important advantageous
that come to mind first. In addition, the private sector offers more options in terms of working areas. Moreover, the
bureaucratic procedure required to work in public sector (22) may be more challenging. Considering all these
conditions, it should be considered understandable that the participants who want to work in private sector are more
than half of all participants. On the other hand, the fact that most of the participants (n=39) who prefer to work in
private sector point to the pet medicine as the field of work, coincides with some publications (21,23) that foresee the
development potential of this field. The most important reason for this potential is thought to be the changing status of
pets. As a matter of fact, in some publications (24, 25), it was pointed out that since the second half of the 20th century,
pets have taken the position of friends in human life for social and recreational reasons, and in parallel with this
changing, the practices for pet medicine have become increasingly widespread among veterinary services.

It is an important data that 54 of the 90 participants in the research wanted to work in the fields of pet, cattle,
ovine or equine medicine, while only 13 stated that they would like to open their own clinics in the future. This may be
due to the interns wanting to gain sufficient knowledge and experience before opening clinic, as stated by the intern
with the code P86, or it may be due to the difficulties of establishing a clinic or working in a clinic. According to the
relevant legislation™, it is necessary to fulfill many legal procedures and to use a large amount of money (24) to open a
veterinary clinic in Tirkiye. On the other hand, it was one of the expected data of this study that the difficulties
encountered by veterinarians working in clinics affected the career plans of the veterinary candidates. In clinical
veterinary practice in Turkiye, some problems arising from the uncontrolled increase in the number of veterinary
clinics, the lack of inspection and legal sanction, the nature of the profession, the relations with colleagues or animal
owners and gender differences have been discussed in various publications (15, 21, 26). Therefore, it was not surprising
that the deontological-ethical problems (P33, P52, P54), financial problems (P4, P13, P36, P54) and problems relevant
to gender differences (P63, P81) were expressed by some participants of this research.

In this study, it is noteworthy that women approaches to academic career more positively than men (see Table
2). Gender studies (27, 28, 29, 30) focusing on women in the academic life emphasize that women are more
disadvantaged than their male counterparts and these researches evaluate the difficulties of being female academics in
Turkiye in the light of national and international literature. Although these difficulties discussed in these publications
are thought to be valid for women who want to pursue an academic career in veterinary medicine, the reasons why
many women say “yes” for academic career could be interesting but were not questioned in this research. Therefore,
the study focused on the number of participants (62) who said “no” to academic career rather than the number of women
(18) who said “yes” to it.

When the reasons why intern veterinarians do not prefer academic career were examined, it was seen that they
focused on the difficulties of academic life in general rather than the academic career difficulties that can be associated
with the nature of veterinary medicine (see Table 3). In various studies (31, 32) dealing with the problems of higher
education institutions in Turkiye, the problems of supply, demand and imbalance in higher education, problems of
faculty members, problems related to autonomy and accountability, and internationalization problems were
comprehensively addressed. From this point of view, the results of this research are in line with the mentioned
publications. Some participants (P4, P13, P49, P62) who expressed the difficulty of academic life stated that they do
not want to pursue an academic career due to mobbing. In the “Survey on the Definition of Academicianship” published
by the Faculty Instructors Association in 2014 (33), 37% of 1987 academicians reported that they were subjected to
mobbing, while 28% reported that they were partially exposed. The number of studies (34, 35, 36, 37) showing that

* Veteriner Hekim Muaynehane ve Poliklinik Yonetmeligi, The Official Gazette of the Republic of Tiirkiye (October 15,
2011, Nr: 28085); Hayvan Hastaneleri Yonetmeligi, The Official Gazette of the Republic of Tirkiye (December 21, 2011,
Nr: 28149)
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workplace mobbing is a critical problem for academicians in the universities is increasing day by day. The findings of
these studies indicated that levels of awareness of mobbing have increased among academicians. It is noteworthy that
this research revealed that mobbing in academic atmosphere was not only noticed by academicians but also noticed by
the senior students (intern veterinarians) of the AUFVM and affected their career plans negatively.

It is known that the deontological-ethical problems in private veterinary practices in Tlrkiye were discussed
in a thesis (26) and in some publications (24, 38). Some participants (P28, P41, P52) of this research stated that
professional ethics and legislation problems encountered in clinical practices affect their career plans. Although it is
not known whether the deontological-ethical problems mentioned in previous studies (24, 26, 38) and the problems
meant by the interns in this study are exactly the same, the interns' aforementioned statements show their awareness on
this issue.

The findings of this study revealed that the first preferred fields of interns who do not aim for an academic
career but want to pursue a graduate degree were surgery and internal diseases (see Table 4). This situation can be
accepted as an expression of the desire of graduates to gain experience in clinical branches and to be better equipped.
For this interns, graduate education may have been thought of as a preliminary to a career plan to become a clinician
in the future. A special case to consider is that this study was conducted during the COVID-19 pandemic. Although
veterinary faculties are among the faculties that provide practice-oriented education (24), education and training were
carried out online within the scope of the measures taken during the pandemic era. The fact that the interns who
continued their education during this period could not have enough applied education may have caused them to have a
deficiency in that sense and to turn to graduate education in applied fields to make up for this deficiency. In addition,
one of the factors that paved the way for the graduate education demands of intern veterinarians can be seen as the
increasing importance given to having knowledge and equipment in specific fields in addition to general veterinary
services in recent years. The fact that specific fields like stomatology, eye diseases, metabolic diseases, oncology, brain
and nerve surgery, etc. have begun to take their place in private clinical veterinary services can be considered as an
indicator of this demand. In the study, the fields of science in which some participants want to gain knowledge apart
from clinical sciences were also found remarkable. As one of these fields, artificial intelligence technology has become
a very popular subject in veterinary medicine (39). It can be thought that artificial intelligence can be used in veterinary
services in the future to monitor animal health and to make treatments more effective. Indeed, some participants want
to study on artificial intelligence in the field of veterinary medicine shows that veterinary candidates are aware of the
importance of artificial intelligence.

In conclusion, with this research it was determined that 39 interns wanted to work in the field of pet medicine
in the first place, while 13 interns wanted to pursue academic career in the first place. 26 interns had a positive attitude
towards pursuing an academic career. For those who did not think about academic career but wanted to get graduate
degree, the most preferred field was clinical sciences. 62 participants, who did not consider pursuing an academic
career, stated that being an academic is a difficult and tiring profession as the primary reason. The study showed that
many parameters play a role in determining the career plans of intern veterinarians and academic career is not preferred
by them due to some disadvantages. In order to confirm the findings of the research that affect the career choices of the
intern veterinarians and to better understand the effective parameters in this regard, it is necessary to conduct extensive
research involving different university students across the country. It is thought that this study can serve as a guide in
terms of contributing to other studies on the subject.
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ABSTRACT

This study aimed to investigate the impact of hellebrin on human lung cancer cell (H1299) and breast cancer cell (MCF-
7) lines over time. The viability of various concentrations of hellebrin (100 nM-400 nM) on two cancer cell lines was
measured using the MTT method. The cellular proliferation over time was examined using XCELLigence real-time cell
analysis (RTCA). The results showed a significant decrease in cell viability with increasing concentrations of hellebrin
in both cancer cell lines compared to the control group (p<0.001). While the viability of both cancer cells decreased
after a certain period of hellebrin application, the viability of the control groups increased over time. These findings
indicate that hellebrin has high antiproliferative and cytotoxic effects on breast and lung cancer cells. Consequently, this
study suggests that hellebrin may have potential as a treatment for other cancers, especially lung cancer, and further in
vitro and in vivo experiments are needed to investigate this possibility.

Hellebrin'in meme ve akciger kanseri hiicreleri iizerinde sitotoksik ve

antiproliferatif etkileri

Ozer

Bu calismada, hellebrinin insan akciger kanseri hiicresi (H1299) ve meme kanseri hiicresi (MCF-7) hatlar1 tizerindeki
etkisinin zaman iginde arastirilmasi amaglanmigtir. Hellebrin'in (100 nM-400 nM) cesitli konsantrasyonlarinin iki
kanser hiicre hatti1 ilizerindeki canliligi, MTT yontemi kullanilarak 6lgiildi. Zaman bagl hiicresel ¢ogalma,
xCELLigence ger¢ek zamanl hiicre analizi (RTCA) kullanilarak incelenmistir. Sonuglar, kontrol grubuna kiyasla her
iki kanser hiicre hattinda artan hellebrin konsantrasyonlar1 ile hiicre canliliginda 6nemli bir diisiis gosterdi (p<0.001).
Belli bir siire hellebrin uygulamasindan sonra her iki kanser hiicresinin canlilig1 azalirken, kontrol gruplarinin canlilig
zamanla artt1. Bu bulgular, hellebrin'in meme ve akciger kanseri hiicreleri iizerinde yiiksek antiproliferatif ve sitotoksik
etkilere sahip oldugunu gostermektedir. Sonug olarak, bu ¢alisma hellebrin'in diger kanserler, 6zellikle akciger kanseri
i¢in bir tedavi potansiyeline sahip olabilecegini ve bu olasilig1 arastirmak i¢in daha fazla in vitro ve in vivo deneylere
ihtiya¢ oldugunu diisiiniilmektedir.

How to cite this article: Sahin Y, Turk M, Sevin S, Peker K, Bozkaya E, Peker SA, Cavdar A. Cytotoxic and antiproliferative effects of hellebrin on
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1. Introduction

In general, the most common type of cancer seen in countries are determined by the socio-economic
conditions of the countries, which also affected the treatment period, recovery rate and death rate of the disease (1-3).
Breast cancer (especially in women) and lung cancer-which are among the most common cancers around the world-
are also at the top of cancer-related deaths (4, 5). Although methods such as surgical intervention, radiotherapy,
chemotherapy and hormone therapy are widely used in cancer treatment around the world, there is a need for the
development of easy-to-access and effective drugs for cancer treatment (2). Especially in recent years, it has been
tried to reduce the mortality rate by using cytotoxic agents directed to cells (target) in cancer treatment (6).

In recent years, natural compounds obtained from Helleborus (family Ranunculaceae) species have been
used in the treatment of various diseases in human and veterinary medicine (7). Hellebrin, obtained from Helleborus
species, is a cardiotonic glycoside that has the structure of bufadienolide (7, 8). Bufadienolides are steroids of
vegetable or animal origin with an unsaturated six-membered lactone ring (a-pyrone ring) at the C17 position and
have cardiotonic, antiviral, anti-inflammatory, antimicrobial, and anti-cancer effects (9-11). In cancer studies,
bufadienolides show various effects, such as inducing apoptosis and autophagy in cells (12, 13), and inhibiting
epithelial-mesenchymal transition (14-16). Various bufadienolides such as hellebrin, hellebrigenin and bufatalin have
been reported to inhibit various human and mouse cancer cells at various doses (72nd hour MTT results) in in vitro
studies (8, 17). In this study, it was aimed to show the effect of hellebrin on human lung cancer cell (H1299) and
breast cancer cell (MCF-7) lines depending on time.

2. Material and Methods

Hellebrin (Cayman, USA) was prepared by dissolving in medium. MCF-7 and H1299 cancer cell lines were
obtained from Kirikkale University Scientific and Technological Research Application and Research Center
(KUBTUAM) cell culture collection. This study was carried out in the KUBTUAM laboratory.

Viability test

The MTT [3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide, Ambresco-Life Science,
USA] test was used to determine the cytotoxicity of hellebrin. After counting MCF-7 and H1299 cells in the
hemocytometer (Invitrogen-Countess, USA), a plate (96-well plate) was seeded with 1.10* cells in each well. After
the cells were incubated for 24 hours, different concentrations of hellebrin (100 nM, 200 nM, 250 nM, and 400 nM)
were applied. In addition, the medium was used as a control. After 24 hours, the medium was discarded and 50 pL of
the MTT (1 mg/mL) solution was applied to the wells. Two hours after MTT application, 100 pl of isopropanol
(Sigma, Germany) was added to the wells and read in an ELISA (Biotek, USA) device at a wavelength of 570 nm.
The MTT test (repeated the MTT test 3 times) was performed in triplicate according to the TS EN ISO 10993-5
standard (18). The cell viability calculation was made according to the following formulation.

Viability %: [concentrations of hellebrin (the average value of absorbance)/control (the average value of
absorbance)] x 100.

Real time cell analysis system (XCELLigence) test

After counting MCF-7 and H1299 cells, the 96-well e-plate was seeded with 5.10° cells in each well, and the
e-plate was placed in RTCA-SP (Roche, Germany). After the cells were incubated for 24 hours, concentrations of
hellebrin (100 nM, 200 nM, 250 nM, and 400 nM) were applied. The medium was used as a control. RTCA-SP
device made real-time impedance measurements every 10 minutes and was monitored for approximately 68 hours.
Graphs showing the time-dependent change of MCF-7 and H1299 cells were obtained (19).
Statistical evaluation

Data obtained by the MTT test were given as arithmetic mean + standard error (SE). SPSS program (PASW
Statistics for Windows, version 18.0. Chicago, USA) was used to determine the statistical difference between the
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groups. The significance control of the difference between groups was determined by the Tukey test (post hoc). P
value < 0.05 was considered statistically significant. The 1Cs value was determined using GraphPad Prism (Software
ver. 6) according to the MTT assay results.

3. Results

Viability test results

The effect of hellebrin concentrations on MCF-7 and H1299 cell viability according to the MTT test is given
in Table 1. The statistical difference between hellebrin concentrations and the control group (medium) were given in
Figure 1 (p<0.001). Tt was determined that cell viability decreased from low to high concentration of hellebrin on
both cancer cell lines. Hellebrin has an ICsg value of about 1391 nM on MCF-7 cells, while an 1Cso value on H1299
cells is about 65.1 nM. Specifically, hellebrin concentrations were found to be more cytotoxic on H1299 cells
compared to MCF-7 cells.

Table 1: Effect of control and hellebrin concentrations on MCF-7 and H1299 cells
Tablo 1: Kontrol ve hellebrin konsantrasyonlarimn MCF-7 ve H1299 hiicreleri Uzerindeki etkisi

. MCF-7 H1299
Concentration (nM) . A

Viability % Viability %

400 69.87+4.032 39.78+1.872

250 70.99+2.792 40.35+3.08?

200 80.69+2.932 43.93+1.34%

100 84.07+3.852 475445177
Control 100+1.88° 10045.19°

ab Different letters in the same columns are important (mean + SE, p<0.001).

120,00 110,00

H1299 Cell Viability (%)
8 8
g 8
MCF-7 Cell Viability (%)
8 8

| ﬁ = & & é é

T T T T T T T T T T
Control 100 200 250 400 Control 100 200 250 400

Concentration (nM) Concentration (nM)

Figure 1: Effect of control and hellebrin concentrations on MCF-7 and H1299 cells, mean + SE, (p<0.001)
Sekil 1: Kontrol ve hellebrin konsantrasyonlarimin MCF-7 ve H1299 hiicreleri Gizerindeki etkisi, ortalama + SE,
(p<0.001)
XCELLigence system cell proliferation results

The effects of various concentrations of hellebrin on MCF-7 and H1299 cells were evaluated with the
XCELLigence system, which provides information on the viability and proliferation of cells in a time-dependent
manner by means of micro-electronic biosensors. The temporal cell proliferation graphs of hellebrin and control
groups applied on MCF-7 and H1299 cells are given in Figures 2 and 3. Approximately 68 hours were monitored
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from the seeding of cancer cells to the e-plate, including hellebrin concentrations and control group administration.
After a certain period of time after Hellebrin application, it was observed that the viability of both cancer cells was
greatly reduced. On the other hand, in the control groups (medium) of both cancer cell lines, it was observed that the
cells increased over time.
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Figure 2: Time-dependent graph of MCF-7 cells with control and hellebrin concentrations applied
Sekil 2: Kontrol ve hellebrin konsantrasyonlart uygulanmis MCF-7 hiicrelerinin zamana bagh grafigi

T » T T

e 400 nM
= 250 nM
e 200 nM
sy 100 n)M
e : Control

=
|

Cell Inde:
o
[ T
- m—

oo &

05 L 1 I I i I i L P SRR | PR L
00 50 100 150 00 250 00 350 400 450 500 550 800 650

Tiene (in Hour)

Figure 3: Time-dependent graph of H-1299 cells with control and hellebrin concentrations applied
Sekil 3: Kontrol ve hellebrin konsantrasyonlart uygulanmig H1299 hiicrelerinin zamana bagh grafigi

4. Discussion and Conclusion

Despite the developing technology in the world, both time and financial losses are common in the
development of new drugs as an alternative to traditional cancer treatments. Alternative treatment methods or drugs
should be developed to minimize these losses and to provide drugs with wide confidence intervals (20). For this
reason, this present study was conducted to evaluate the effectiveness of hellebrin on cancer cells [human lung cancer
cell (H1299) and breast cancer cell (MCF-7)].
XCELLigence RTCA is a system used to determine time-dependent parameters such as cellular proliferation, toxicity
(cytotoxicity), adhesion, and migration (21, 22). On the other hand, MTT is a widely used cytotoxicity method to
determine cell viability and proliferation (23). This method determines cellular viability/cytotoxicity by reduction of
tetrazolium salts to purple-blue colored formazan (insoluble in water) in lysosomal and endosomal sections,
especially in mitochondrial enzymes (24-27). It is stated that the cellular toxicity that occurs is mainly due to
mitochondrial damage (28).
In the present study, cellular toxicity of cancer cell lines to which hellebrin concentrations were applied increased to
higher values in the XxCELLigence RTCA system at earlier times compared to MTT results (Table 1) (Figures 2 and
3). According to the XCELLigence RTCA system, hellebrin significantly decreased cellular viability at approximately
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the 16th hour on both cancer cell lines (Figures 2 and 3). On the other hand, MTT results show that cellular viability
decreases to a certain extent approximately 26 hours after hellebrin application. When the results of the two tests are
compared, hellebrin may have caused morphological changes in cancer cell lines, especially before mitochondrial
damage. The reason for this is that the xCELLigence RTCA system cell index (CI) determines the electrical
impedance value measured according to the growth, shrinkage, death, adhesion, and morphological changes of the
cells on the gold-plated e-plate. In other words, the cell index increases due to the increase in the number of adherent
cells on the e-plate electrode surface. In addition, this situation is affected by the increase in the adhesion area of the
cells with the growth of the cells. As a result, the decrease in the number of cells, shrinkage of the cells, and
decrease/loss of their adhesion capacity, which are the causes of a decrease in the cell surface on the electrode contact
surface, cause a decrease in the cellular index (29). According to XCELLigence and MTT results, it is thought that
hellebrin may cause cells to shrink or lose their adhesion ability before cellular death. Over time, this causes death in
cancer cell lines.

Generally, during apoptosis, the connection of cells with neighboring cells decreases and shrinks (the cell shrinks),
while in necrosis, the cells absorb fluid and swell. As a result of swelling of the cells in necrosis, the integrity of the
cell membrane is disrupted, causing the cell contents to spread to the surrounding tissues. In comparison, this does
not occur in apoptotic cells (30). As mentioned above, according to the results of xCELLigence (Figures 2 and 3) and
MTT (Table 1), hellebrin may induce apoptosis by causing the cells to shrink or decrease/lose adhesion ability before
the death of cancer cells. In this way, it is thought that hellebrin may prevent the contents of cancer cells from
spreading to the surrounding tissues. In addition, studies have reported that bufadienolides such as bufarenogin and
arenobufagin induce apoptosis in cells (12, 31). The idea that hellebrin, which is in the family of bufadienolides such
as bufarenogin and arenobufagin, promotes apoptosis in breast and lung cancer cells, is consistent with the studies
performed (12, 31). In addition, Daniel et al. (32) reported in their study that hellebrin causes apoptosis (eighth hour)
at a higher rate than necrosis on Jurkat T lymphoblasts. This present study supports the study of Daniel et al. (32) and
also showed a change in the temporal cell index.

As a result, hellebrin has a high rate of antiproliferative and cytotoxic effects on both breast and lung cancer cells.
Especially demonstrated in the present study, the presence of antiproliferative and cytotoxic effects of hellebrin at
lower concentrations on lung cancer cells may be guided in other cancer treatments, especially lung cancer, by
conducting new in vitro and in vivo experiments.
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ABSTRACT

The aim of this study is to calculate the cerebellum volume in Akkaraman sheep and Hair goat using the Cavalieri's principle.
Cerebellum of 12 healthy 1-2 year old male animals (6 sheep and 6 goats) were used in the study. The weight of the cerebellum
separated from the rhombencephalon was calculated with a sensitive electronic balance, and its volume was calculated with
Archimedes' principle. In the volume measurement to be made with Cavalieri's principle, the cerebellum was blocked with 8%
agar to prevent tissue loss during slicing. The stained sections were scanned with a horizontal scanner at 600 dpi resolution. Gray
matter and white matter volume were calculated separately by dropping the point counting grid on cross sections in ImagelJ
software. Cerebellum weight was calculated as 11.6 gr in sheep and 12.55 gr in goats. The ratio of cerebellum weight to total
brain weight was calculated as 0.10 in both species. It was observed that the cerebellum weighs an average of 9.8% of the total
brain weight in sheep. In the goat, it was observed that the cerebellum constituted 10.11% of the brain. Gray matter and white
matter volumes were calculated as 6.75 ml and 3.36 ml in sheep, respectively. In the goat, the gray matter and white matter
volumes were measured as 6.80 ml and 3.82 ml, respectively. Total cerebellum volume was found to be 10.14 ml and 10.65 ml
in sheep and goats, respectively. In sheep, 65.55% of the cerebellum volume consisted of gray matter and 33.08% of white matter.
In goats, 63.88% of the cerebellum consisted of gray matter and 35.85% of white matter. No statistical difference was observed
in the volume measurement results obtained in both species (p>0.05). In recent years, there has been an increase in
neurodegenerative disease models in farm animals. These diseases can cause changes in the volume of the cerebellum. In this
context, it is thought that the volume values obtained from healthy sheep and goat cerebellum in the current study will be important
for future studies

Akkaraman koyunu ve Kil kecisinde Cavalieri prensibi kullanilarak cerebellum
hacminin hesaplanmasi

Ozer

Bu c¢aligmanin amaci, Akkaraman koyunu ve Kil kegisinde cerebellum hacmini Cavalieri prensibi kullanarak
hesaplamaktir. Caligmada saglikli 1-2 yaslarinda 12 adet erkek hayvana ait (6 koyun ve 6 keci) cerebellum kullanildi.
Rhombencephalon’dan ayrilan cerebellum’un hassas terazi ile agirligi, Archimedes' principle ile hacmi hesaplandi.
Cavalieri prensibi ile hacim dl¢iimii esnasinda doku kaybinin 6niine gegmek i¢in cerebellum’lar 8%’lik agar ile blokland:.
Gri madde ve ak madde ayriminin net yapilabilmesi i¢in, gri madde Berlin blue makroskobik boyama metodu ile boyandi.
Boyanan kesitler 600 dpi ¢oziiniirliikte tarandi. Taranan bu kesitlere ImageJ programinda noktali alan 6lgiim cetveli
atilarak gri madde ve ak madde hacmi ayr1 ayr1 hesaplandi. Yapilan 6l¢iim sonuglaria cerebellum agirligi koyunda 11.6

gr, kecide 12.55gr hesaplandi. Cerebellum agirliginin toplam beyin agirhgina orani her iki tiirde de 0.10 olarak &lgiildii.
Koyunda cerebellum beynin agirliginin 9.8% ‘ini, kegide ise 10.11% unun olusturmaktadir. Gri madde ve ak madde
hacmi koyunda sirasiyla 6.75 ml ve 3.36 ml hesaplandi. Kegide ise gri madde ve ak madde hacmi sirasiyla 6.80 ml ve
3.82 ml olarak 6lg¢iildii. Toplam cerebellum hacminin koyun ve kecide sirasiyla 10.14 ml ve 10.65 ml oldugu goriildii.
Koyunda cerebellum hacminin 65.55%’ini gri madde, 33.08%’ini ise ak maddenin olusturmaktaydi. Kegide ise
cerebellum’un 63.88%’i gri madde, 35.85%’ini ise ak maddeden olusmaktaydi. Elde edilen hacim 6l¢iimii sonuglarinda
her iki tiirde de istatistiki fark gozlenmemistir (p>0.05). Ciflik hayvanlarinda son yillarda ndrodejeneratif hastalik
modellerinde bir artig goriillmektedir. Bu hastaliklar cerebellum hacminde degisiklige neden olabilmektedir. Bu agidan
mevcut ¢aligmada saglikli koyun ve kegi cerebellum’undan elde edile hacim degerlerinin, gelecekteki caligmalar igin
faydali olacag: diisiiniilmektedir.
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1. Introduction

The cerebellum is the largest part of the rhombencephalon (hindbrain) and is located above the pons and
medulla oblongata. It is connected to the brain stem on both sides by three peduncles (pedunculus cerebellaris). It is
roughly globular and has much-fissured on it (1, 2). It is separated from the hemispherium cerebri by the tentorium
cerebelli membranaceum located inside the fissura transversa cerebri (1, 3). The cerebellum consists of two large
hemispherium cerebelli and a narrow ridge named vermis between them (1). In the cerebellum, the gray matter forms
the cortex cerebelli and the white matter forms the corpus medullare (3, 4). In the median section of the cerebellum,
the cortex cerebelli and corpus medullare are easily distinguished (3).

The cerebellum is involved in the control of balance, postural, locomotor activities, and coordination of skeletal
muscles. The center of balance is located in the lobus flocculonodularis, while the lobus caudalis controls motor
functions (1, 4). Cerebellar ataxia, manifested by loss of coordination and balance, occurs when there are deficits of
function in the cerebellum (4). In addition, volumetric losses are observed in the cerebellum in neurodegenerative
diseases. It is known that there is a significant decrease in the volume of the cerebellum, especially in Alzheimer's
disease (5-7). This change causes seriously affecting one's ability to carry out daily activities (8). In addition to
volumetric changes, Purkinje cells are also damaged in diseases such as epilepsy, Huntington's disease, and Alzheimer's
disease (9). It is known that the cerebellum volume decreases with age, which is due to the loss of white matter. It has
been shown that diabetes, higher serum glucose and lower cholesterol levels are associated with cerebellum volume.
In addition, it has been shown that the factors determining the volume of the hemispherium cerebri do not entirely
overlap with the volume of the cerebellum (10). This situation reveals that the cerebellum volume should be handled
separately, mainly in itself.

In recent years, farm animals have been frequently preferred as model animals in neuroscience research due to
the similarity of the neuroanatomical structures of the brain in farm animals, especially sheep, to the human brain
compared to laboratory animals (11-13). The neuroanatomical structures of the brain in farm animals and the fact that
the cortex cerebri consists of prominent lobes, such as in humans and primates, make these animals advantageous
against laboratory animals with lissencephalic brains (12, 14, 15). The primary reasons for preference are that farm
animals are easily available, docile animals, their breeding is widespread, and does not include ethical problems
encountered in carnivores and primates in research (11, 16).

Cavalieri's principle is the preferred method for calculating the volume of biological structures in an unbiased
manner. This method is primarily preferred in calculating the volume of irregular shapes in the discipline of stereology
(17). Cavalieri's principle is to use a two-dimensional cross-section or projection of a three-dimensional structure (18-
20). The area of these surfaces is calculated with a point counting grid. Then, the volume of the irregularly shaped
biological structure is calculated by an unbiased method by multiplying the surface area of each section by the section
thickness (17, 18, 20).

Morphometric studies in the cerebellum, which has a very important role in the balance control and
coordination of the body, have been carried out in many different species with different methods. In the study conducted
on primates, it was observed that the pongid and hylobatid apes cerebellum volume was larger than the average
cerebellum volume of monkeys. Accordingly, it was concluded that not all primate brains are organized similarly (21).
Morphometric studies have been carried out on the cerebellum of domestic mammals such as sheep (22-25), cattle (26,
27), dogs (7, 28) and cats (29, 30). In addition to these studies using different methods, morphometric studies were
also carried out in the cerebellum using stereological methods. Laboratory animals are generally used, calculations
were made on rats (31-33), mice (34), guinea pig (29) and rabbit (35, 36) cerebellum. In addition, the volume of gray
and white matter in the cerebellum and the number of Purkinje cells were examined using stereological methods in pigs
(37) and cats (38) from domestic mammals. In addition, calculations were made in the cerebellum, which has a higher
volumetric ratio in the brain due to its function with this method in the chicks (39).

The motivation of the study is that the measurement studies performed in the cerebellum of farm animals using
Cavalieri's principle are limited. The change in cerebellum volume in neurodegenerative diseases is an important factor
in understanding the effects of these diseases on the nervous system. It is especially important to observe the total
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volume of the cerebellum and the changing in gray matter and white matter. In recent years, there has been an increase
in models of these neurodegenerative diseases in farm animals. In this context, the aim of the study is to calculate gray
matter, white matter and total volume in healthy sheep and goat cerebellum using Cavalieri's principle.

2. Material and Methods
Animals

Six healthy male sheep and goat heads (1-2 years old) (sheep/goats body weights: 48+3,74 kg/ 33+4,46 kg)
were used in the study. The heads were obtained from an agricultural enterprise (a state agricultural enterprise in
Konya), where there was constantly monitored under mandatory official veterinary medical care. The slaughtering
process was carried out under the control of a veterinarian. The Ethics Committee of Selcuk University Faculty of
Veterinary Medicine approved the study procedure in the session held on 30/03/2023 (Decision number 2023/26). It
was fixed by injecting 10% formaldehyde from the arteria carotis communis into the heads of sheep and goats. For the
fixation to be homogeneous in every part of the brain, the heads were kept in containers containing 10% formaldehyde
solution for 15 days. Thus, the brain and cerebellum were ensured to maintain their shape within the skull. Using the
dorsal approach, the brains were removed from the cavum cranii with the dura mater encephali preserved (Figurel).

Sekil 1: Dura mater ensefali ile ensefalon

Figure 1: Encephalon with dura mater encephali
Preparation of specimens

Meninges were removed from the brain tissue, respectively. At the level of the sulcus pontocruralis, the
rhombencephalon was separated from the other parts of the encephalon. Then, the cerebellum was carefully separated
from the pedunculus cerebellaris, which consists of three peduncles and connects the cerebellum with the pons, medulla
oblongata and crus cerebri (Figure 2).
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Sekil 2: Rhombensefalon, ensefalonun diger kisimlarindan ayrilmistir. A. Rhombencephalon; B.
Serebellumun dorsal yiizii; C. Serebellumun ventral yiizii
Figure 2: Rhombencephalon was separated from the other parts of the encephalon. A. Rhombencephalon, B.
Dorsal aspect of the cerebellum; C. Ventral aspect of the cerebellum

The weights of the cerebellum were measured with a sensitive electronic balance (OHAUS CS200) and their
volumes were measured with Archimedes' principle. The cerebellum was kept under running tap water overnight before
sectioning for volume calculation. The cerebellum was blocked with 8% agar (Blood Agar Base LABM-LABO028) to
prevent tissue loss during slicing (Figure 3) (40, 41). After the blocks were kept at room temperature (24 hours), sagittal
sections were taken with an electric meat slicer (SINBO SMS-5601). Sections (thickness of 2.48 mm) were taken
starting from the flocculus of one side to the flocculus of the other side.

Sekil 3: Kanli agar ile bloke edilmis cerebellum
Figure 3: Cerebellum was blocked with blood agar

Staining of sections

In the sections obtained from the cerebellum, the gray matter was stained with Berlin Blue in order to make a
clear distinction between gray matter and white matter in the cortex cerebelli and corpus medullare during volume
measurement. Mulligan, iron chloride and potassium ferricyanide solutions were used in the staining process. The
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sections were kept in solutions according to the staining procedure, and the gray matter was stained with Berlin Blue
(42, 43). In the encephalon, the body of neurons is located in gray matter. The neuron density in different mammalian
species is higher in the cerebellum than in other parts of the encephalon (44, 45). Therefore, staining of gray matter

with Berlin Blue has been more successful with this method compared to staining performed in other parts of the brain
(Figure 4).

Sekil 4: Berlin mavisi ile boyanmis serebellum kesiti
Figure 4: Cross section of cerebellum stained with Berlin blue

The same surface of the sections stained with Berlin Blue was scanned using a horizontal scanner (hp Scanjet
G4010) at 600 dpi resolution in JPG (Joint Photographic Expert Group) file format (Figure 5).

Sekil 5: Tarayici ile taranan kesitler
Figure 5: Sections scanned with a horizontal scanner

Calculation of volume using Cavalieri's principle

Cavalieri's principle was used to calculate the volume of gray matter and white matter in sections whose gray
matter was stained and scanned with Berlin Blue. The gray matter and white matter area were calculated in the section
surface area in ImageJ (Image Processing and Analysis in Java) software. The point counting grid on cross section
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surface was placed using Imagel software (Figure 6). Then, the surface areas were calculated by counting the points
dropping into the gray matter and white matter separately. This procedure was repeated three times, and the averages
of the counted points were obtained.

Sekil 6: Kesit yiizeyindeki noktali alan 6l¢iim cetveli
Figure 6: The point counting grid on cross section surface

After point counting for all sections, the volume of each section was calculated with the help of the following
equation used in volume measurement in Cavalieri's principle.

V=tx2Pxa(p)
V= volume; t = section thickness; XP= total number of points hitting the cross sections surface area; a(p)=
known area per point placed at random over on the cross sections surface area (point counting grid). After calculating
each section's volume, the cerebellum's total volume was calculated with the help of the equation below (18, 46-48).

Vigp=VI+V2.....Vn

Statistical analyses were performed using SPSS 25.0 ((IBM Corp. Released 2017. IBM SPSS Statistics for
Windows, Version 25.0. Armonk, NY: IBM Corp.). The normality of variables was tested using the Shapiro-Wilk test
and the homogeneity of variances was checked Levene's test. The difference between the two species' cerebellum was
performed using Student's t-test for parametric variables.

Nomina Anatomica Veterinaria was used for the anatomical terms (49)

3. Results

Demographic data of the study population was presented in Table 3.1. Cerebellum weight, cerebellum volume
(Archimedes’ principle), cerebellum/total brain(TB) volume ratio and percentage, number of slices and average cross-
section thickness are summarized in Table 1.
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Tablo 1: Akkaraman koyunu ve Kil kecilerinden elde edilen demografik veriler (n=6).
Table 1: Demographic data was obtained from Akkaraman sheep and Hair goats (n=6).

Parameter Sheep Median Goat Median
Mean £SD Mean £SD

Cerebellum weight (g) 11.6+£1.2 11.95 1255+ 1.2 11.95
Cerebellum volume (mL) 1292+ 1.2 13.25 13.83 +1.33 13.00
Cerebellum: TB weight ratio 0.10 = 0.008 0.10 0.10+0.010 0.10
Cerebellum: TB volume ratio (mL per mL) 0.11 +0.009 0.11 0.11+0.011 0.11
Cerebellum percentage within TB (%) 9.8 £0.77 10.00 10.11 £0.91 9.93
Number of slices 13.8 +2.04 15.00 12.67 +0.82 12.50
Average of cross-section thickness (mm) 2.40+0.2 2.30 2.58+0.33 2.45

SD, standard deviation; TB, total brain

In the cerebellum weight measurements, it was observed that the cerebellum was heavier in goats. Similarly,
the volume result obtained with Archimedes' principle was found to be greater in goats. The ratio of cerebellum weight
to total brain weight was found to be close to each other in both species. Similar results were found for the volume
ratio. It was observed that 9.8% of the brain weight in sheep and 10.11% in goats was made up of the cerebellum. In
the sections obtained for Cavalieri principles, it was seen that the average section thickness and the number of sections
were close to each other in both species.

The volume of gray matter and white matter forming the cortex cerebelli and corpus medullare in the
cerebellum were calculated separately. Using the Cavalieri principles were obtained volume of the gray matter, white
matter and indices/ratio were summarized in Table 2.

According to the results of the volume measurement using the Cavalieri principle in sheep and goat cerebellum,
it was observed that the gray matter volume was very close to each other in both species. Similarly, the white matter
values were found to be close to each other. It was observed that the total volume of the cerebellum was slightly higher
in goats, but this difference was not statistically significant. It was determined that the GM: WM and GM: Cerebellum
ratio was higher in sheep, while the ratio of WM: Cerebellum was higher in goats. The volumetric values and ratios
obtained showed no statistical difference between sheep and goats. It was determined that 65.55% of the cerebellum
volume in sheep was composed of gray matter and 33.08% of white matter. In goats, 63.88% of the total volume was
gray matter and 35.85% was white matter. Considering this ratio, it was seen that the white matter volume in the
cerebellum was higher in percent in goats. Fresh cadavers could not be used in the study due to rapid autolysis of the
brain tissue after euthanasia. The shrinking effect of formaldehyde in the brains used was ignored (50,51).
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Tablo 2: Akkaraman koyunu ve Kil kegisi beyinciklerinde gri madde, beyaz madde, oran ve CE degerlerinin
ortalamalar1.

Table 2: The means of values gray matter, white matter, ratio, and CE in Akkaraman sheep and Hair goats cerebellum

(n=6).
Parameter Sheep Minimum Goat Minimum p
Mean £SD Maximum Mean £SD Maximum
Median Median

GM (mL) 6.75 £ 1.04 5.99 6.80 = 0.63 6.04 0.92¢
6.38 8.68 6.73 7.87

WM (mL) 3.36 £ 0.49 2.65 3.82+0.70 3.16 0.21¢
3.32 4.01 3.65 5.00

Total Cerebellum volume (mL) 10.14 £ 1.49 8.65 10.65+1.2 9.20 0.53¢
9.74 12.7 10.24 12.19

GM:WM ratio (mL per mL) 2.02+0.16 1.88 1.81 £0.22 1.41 0.09
1.95 2.26 1.86 2.08

GM:Cerebellum ratio (mL per mL) 0.67 £0.019 0.65 0.64 +0.03 0.59 0.12¢
0.66 0.69 0.65 0.68

WM:Cerebellum ratio (mL per mL) 0.33+£0.016 0.31 0.36 = 0.031 0.32 0.09!
0.34 0.34 0.35 0.41

*p<0.05; t Student’s t test; SD, standart deviation; CE, coefficient of error GM, gray matter; WM, white matter
4. Discussion and Conclusion

In the current study, gray matter and white matter volume were calculated using Cavalieri's principle in sheep
and goat cerebellum. It has been shown in many studies that the cerebellum effects from a volumetric deficiency in
neurodegenerative diseases. In Alzheimer's disease, there may be volumetric losses in the cerebellum at a level that
will cause negative effects on the performance of daily activities (5-8). In cases such as diabetes and lower cholesterol
levels, the change in hemispherium cerebri and cerebellum does not overlap (10). This shows that the change in
cerebellum volume should be examined separately.

Neuroanatomical structures of brain are more similar to humans in farm animals compared to laboratory
animals. This situation has brought these animals to the forefront of neuroscience in recent years. Some
neurodegenerative disease models are established in these animals (12-14). It is very important to observe the gray and
white matter changes in the substructures of the brain in these disease models. This change in the cerebellum is also
very important in terms of the disease's diagnosis. In this respect, the gray matter and white matter values obtained
from healthy animals in the current study are very important for studies to be carried out on these diseases.

The ratio of cerebellum volume to total brain volume was compared in primates. The volume ratio of pongid
and hylobatid apes cerebellum was found to be much larger than that of other monkeys (21). It was observed that the
ratio of sheep and goat cerebellum in the total brain was close to the average value of monkeys, except for the two
breeds mentioned. It was observed that the cerebellum occupies a larger percentage of the total brain volume in goats.
where locomotor activity coordination is more important than in sheep.

Brain weight, encephalization and cerebellar quotients were determined in the study conducted in dairy cattle,
beef cattle and crossbred from domestic mammals. The study determined that the cerebellum weight constitutes 9.9%
of the total brain weight (26). This ratio was calculated as 9.8% in sheep and 10.11% in goats in the current study. It
has been observed that this value obtained from cattle is very close to sheep and slightly lower than goats. In another
study, the cerebellum morphology of cattle, sheep, and goats was examined. Cerebellum weight in sheep was measured
greater than the value obtained in the current study. The ratio of cerebellum to total brain weight was calculated lower
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than the value obtained in the current study. It is thought that the reason why the cerebellum weight value is higher and
its ratio to brain weight is lower is due to the use of merino sheep and sheep over three years old in the study. Sheep
between 1-2 years of age were used in the present study. Similarly, in the same study, cerebellum weight was higher,
and the ratio of the cerebellum to total brain weight was lower in goats. The age of the goats used in the study was not
specified. In addition, the use of different breeds of goats in the study is thought to cause this difference. The current
study used only one goat breed (Hair goat). The cerebellum ratio obtained from cattle to total brain weight was
calculated close to the value obtained from sheep and goats in the current study (25).

In dogs, the volume of the cerebellum was calculated using medical images. Dogs with normal and cerebellar
degenerative diseases were used in the study to determine the ratio of the cerebellum to other parts of the brain. The
percentage of cerebellum volume in the brain did not change with age in dogs aged 1 to 5 years. In the study using
different dog breeds, the cerebellum percentage was between 8.84% and 9.86% (7). It is seen that the cerebellum
volume in dogs is lower than the volume values obtained from sheep and goats. It is seen that the cerebellum percentage
values obtained from dogs are also lower than the weight percentage of the cerebellum in sheep and goats.

Gray matter and white matter volume in the cerebellum was calculated using Cavalieri's principle in New
Zealand rabbits. According to the results, it was observed that the percentage of white matter in the cerebellum of
females was higher than that of males (36). The gray matter and white matter percentages in males were found to be
very close to the percentages obtained from sheep in the current study using male animals. It was determined that the
percentage of white matter in goats was higher than in rabbits. In another study, in which Cavalieri's principle was
used, the cerebellum volume was calculated in male cats (38). It is seen that the percentage of gray matter in the
cerebellum of cats is much higher than that of sheep and goats, and the percentage of white matter is lower.

The cerebellum volume of sheep and goats was calculated in the study, in which Cavalieri's principle was used
to calculate the most realistic volume in biological structures. Using Cavalieri's principle, the volume of gray matter
and white matter forming the cerebellum were calculated separately. In the cerebellum, gray matter and white matter
volume and their ratios show a decrease or change in some neurodegenerative diseases. There has been an increase in
these disease models in farm animals in recent years. It is thought that these values obtained from the cerebellum of
healthy animals will be important data for future neurodegenerative disease studies on these animals.
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OzeT

Sagim sekli siit kalitesi ve meme sagligini etkilemektedir. Yapilan bu calismada, geleneksel makineli sagim ile otomatik
sagim sistemleri kullanilarak sagilan ineklerde sagim sisteminin siitteki aerobik kiiltiir sayis1 ve somatik hiicre sayisi
tizerine etkisi arastirilmistir. Caligma materyalini makineli sagim ile otomatik sagim sistemi kullanan g¢iftliklerden elde
edilen tank siitii aerobik kiiltiir sayis1 ve somatik hiicre sayisi analiz verileri olusturmustur. Sagim tipine gore siit
orneklerindeki aerobik kiiltiir ve somatik hiicre sayilarinin Log;o doniisiimleri yapilmus, istatistik karsilastirmasinda
Student T test kullanilmigtir. Calisma sonucunda makineli sagim ile otomatik sagimindan elde edilen siit 6rneklerinde
aerobik kiiltiir sayis: istatistik olarak anlamli farklilik géstermis (p=0,002), somatik hiicre sayis1 bakimmdan anlaml
farklilik bulunmamistir (p=0,605). Buna gore siit orneklerinde aerobik kiiltlir sayist (logjp) makineli sagimda (4,83)
otomatik sagimdan (4,28) daha yiiksek hesaplanmistir. Otomatik/robotik sagim sisteminin hijyene bagl kriterler
acisindan geleneksel sagim sistemine kiyasla bir tistiinliigii olmadig1 diisiiniilmektedir.

Evaluation of the effect of automatic and conventional machine milking on somatic
cell and aerobic plate count

ABSTRACT

Milking style affects milk quality and udder health. In this study, the effect of milking system on the number of aerobic
plate and somatic cell count in milk was investigated in cows milked using conventional machine milking and
automatic/robotic milking systems. The study material consisted of milk samples collected from farms using
conventional machine milking and automatic/robotic milking system. Log;o conversions of aerobic plate and somatic
cell numbers in milk samples were made according to milking type, and Student T test was used for statistical
comparison. As a result of the study, the number of aerobic bacteria in milk samples obtained from conventional
machine milking and automatic milking showed a statistically significant difference (p=0.002), but no significant
difference was found in terms of somatic cell count (p=0.605). Accordingly, the number of aerobic plate (Log,,) in milk
samples was calculated higher in conventional machine milking (4.83) than automatic milking (4.28). It is thought that
the automatic/robotic milking system does not have an advantage compared to the traditional milking system in terms of
hygiene-related criteria.

How to cite this article: Goktepe AE, Akgay A, Giirler H. Otomatik/robotik ve geleneksel makineli sagimin somatik hiicre ve aerobik kiiltiir say1si
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1. Giris

Siit tiretiminin dolayisiyla siit inekgiliginin en 6énemli temel iki unsuru {iretilen siitiin kalitesi ve miktaridir.
Siitiin memeden alinmasi sirasinda kullanilan sagim sistemi basta olmak iizere bu iki unsuru etkileyebilecek her
faktoriin dikkatle ele alinmast hem ekonomik olarak hem de halk sagligi agisindan olduk¢a Snemlidir. Diinya
capindaki siit iirtinleri {ireticileri i¢in somatik hiicre sayis1 (SHS) yalnizca siirliniin meme saglig1 performansinin bir
dlgiisii degil, aym1 zamanda siitiin pazarlanabilirliginin de bir kistasidir. Ozellikle subklinik mastitisin en onemli
belirteci olan SHS, sagim sistemi ve giinliik sagim siklig1 gibi cesitli faktorlerden etkilenebilmektedir (1-3). Subkinik
mastitisin siit iretiminde azalmaya, tank siitinde SHS artigina, siiriiler aras1 ve siirii i¢inde patojenlerin yayilmasina
neden oldugu bilinmektedir (4). Bu nedenle riskleri minimumda tutabilmek amaciyla subklinik mastitise etki eden her
faktoriin degerlendirilmesi 6nemlidir. Otomatik diger bir deyisle robotik sagim sistemleri ile giinliik sagim sayisinin 3
kez olacak sekilde artirilabilecegi ve bunun elde edilen giinliik siit miktarina olumlu yansiyabilecegi belirtilmektedir
(5). Sagim siklig1 ve sagim sisteminin SHS tizerinde etkili olabilecegi diisiiniilmekle birlikte bu etki {izerine farkli
fikirler ileri siiriilmektedir. Danimarka, Finlandiya ve Isveg'te yapilan ¢alismalarda otomatik sagim yapilan siiriilerin
geleneksel sagim sistemine sahip siiriilere kiyasla daha yiiksek tank siit SHS'sine ve ayrica bireysel olarak ineklerde
daha yiiksek SHS'ye sahip oldugu bildirilmistir (6-8). Frossling ve ark., (4) ise yaptiklari galismada sagim
sistemindeki degisikligin siiriide daha yiliksek SHS ile ilgili sorunlara yol agmayacagini belirtmekle birlikte, uygun
stirli yonetimin Onemini &zellikle vurgulamaktadir. Otomatik sagim sistemlerinin mandira ¢iftligine girmesi ile
birlikte ¢ig siit bilesimi, bakteri toplulugu ve dolayisiyla siit mikrobiyotasimn degistigi bildirilmektedir. Sagim
sistemi tarafindan mikrobiyotanin degistirilmesi, somatik hiicre sayilar1 ve siit bilesimi ile iligkili oldugu
bildirilmistir. Mastitisin ilerlemesi sirasinda firsat¢i patojen bakterilerin artmasit ve saglikli siit kommensal
bakterilerinin azalmasiyla siit mikrobiyomunda disbiyozisin olusabilecegi gosterilmistir (9). Sagim siireci, sagim
araliklari, meme temizleme ve meme ucuna daldirma prosediirleri geleneksel ve otomatik sagim tipleri arasinda
tamamen farklilik gostermekte, sagim siirecindeki bu farkliligin ¢ig siit mikrobiyotasim dogrudan etkileyebildigi
bildirilmektedir (10). Ozellikle otomatik/robotik sagim sisteminde makinamin temiz, bekleme alami ile ilgili
kisimlarinin periyodik bakimlarinin yapilmasi diger bir 6nemli husustur (11).

Bu ¢aligmanin hipotezi tank siitiinden elde edilen laboratuvar analiz verileri iizerinden olusturulmustur. Ayni
iklim ve cografi kosularda, ayn 1rk ineklerin yetistirildigi, yonetimsel kosullar1 benzer ve iyi diizeyde oldugu bilinen
ve ayni analiz laboratuvarinda periyodik siit muayeneleri yapilan fakat farkli sagim sistemi kullanan iki ayn siitgii
isletmeden elde edilen veriler ile otomatik/robotik sagim sistemi ile geleneksel makineli sagim sisteminin SHS ve
aerobik kiiltiir say1s1 (AKS) iizerine etkisi istatistiki olarak karsilastirilmistir.

2. Gerec¢ ve Yontem

Calisma Corum ilinde yer alan otomatik/robotik sagim sistemi ve makinali sagim sistemi kullanan ari isletme
sertifikali iki ayn ciftlikten 2-10 yasli Simental 1tk ineklerden periyodik olarak alinan tank siitii verileri lizerinden
gerceklestirilmistir. Makinali sagim yapilan isletme 2x12 balik kil¢igi sagim sistemi kullanilan 900 baglikli bir
isletmedir. Sagim 6ncesi ve sonrasinda teat dipping uygulamalar1 yapilmaktadir. Robotik sagim yapilan isletmede
600 damizlik inek bulunmaktadir. Calismada isletmelerden elde edilen toplam bir yillik siire igerisindeki aylik olarak
elde edilen veriler kullamlmigtir. Veriler ayni ilde ve yakin bdlgede yeralan, ayni laboratuvart kullanan ve ayni bir
yillik (Aralik 2020—Aralik 2021) period igerisindeki fakat farkli sagim yontemi kullanilan (otomatik/robotik,
geleneksel makinali sagim) iki farkl isletmeden elde edilmistir.

Periyodik kontrol amaciyla siit tanklarindan steril kaplara alinan numuneler bekletilmeden hemen analize
alinmaktadir. Eger kisa siire bekletilecekse +4°C’de, uzun siire bekletilecekse -20°C’de derecede saklandiktan sonra
numune c¢aligilmaktadir. Analiz laboratuvarinda AKS’yi belirlemek amaciyla 30°C’de yatay koloni sayim teknigi
kullanilarak ISO 4833-1 sertifikali Dokme Plak Yontemi kullanilmaktadir. Sadece bakteri sayist verileri
degerlendirilmistir. Somatik hiicre sayimi ise Lactoscan SCC cihazi ile gergeklestirilmektedir. Sagim tipine gore
tanktan alinan siit Orneklerinden elde edilen AKS ve SHS’lerin Logio doniisiimleri yapilarak istatistik
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karsilastirmasinda Student T test kullanilmustir.

3. Bulgular

Geleneksel makineli sagim ile otomatik/robotik sagimindan elde edilen siit 6rneklerinde AKS istatistiki olarak
anlamli farklilik gostermis (p=0,002), SHS bakimindan ise anlamli farklilik bulunmamistir (p=0,605). Buna gore siit
orneklerinde AKS (Logio) makineli sagimda (4,83) otomatik/robotik sagimdan (4,28) daha yiiksek hesaplanmigtir
(Tablo 1, Sekil 1).

Tablo 1: Sagim sekline gore aerobik kiiltiir ve somatik hiicre sayisi

Table 1: Number of aerobic plate and somatic cells by milking type

Sagim sistemi N X+ Sy P degeri
(Student T Test)
i Otomatik/robotik 43 4,28+0,14 *
Aerobik kiiltiir sayisi .. 0,002
Makineli 48 4,83+0,10
o Otomatik/robotik 32 4,92+0,08
Somatik hiicre sayisi . 0,605
Makineli 27 4,98+0,07

N:Siit 6rnegi sayis1 X + Sg: Ortalama+ Standart Hata

I Otomatik/Robotik Sagim
6,00 IE Makineli Sagim

Say1 (LOG10)

Aerobik kiltir sayisi Somatik hiicre sayisi

Sekil 1: Sagim sekline gore aerobik kiiltiir ve somatik hiicre say1si
Figure 1: Number of aerobic plate and somatic cells by milking type

4. Tartisma ve Sonu¢

Otomatik sagim sistemlerinin mandira ¢iftligine girmesi ile ¢ig siit bilesimi, bakteri toplulugu ve dolayisiyla siit
mikrobiyotasinin degistigi bildirilmektedir (10). Sagim sistemi tarafindan mikrobiyotanin degistirilmesi, somatik
hiicre sayilar1 ve siit bilesimi ile iligkilidir. Sagim siireci, sagim araliklari, meme temizleme ve meme ucuna daldirma
prosediirleri geleneksel ve otomatik sagim tipleri arasinda tamamen farklilik gostermekte ve sagim siirecindeki
farklilik ¢ig siit mikrobiyotasini dogrudan etkileyebilmektedir (10). Ancak yapilan ¢aligmalarda geleneksel makineli
sagim ile otomatik sistemler arasinda somatik hiicre sayisindaki degisimler konusunda tutarsiz sonuglar
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bildirilmektedir. Yaptifimiz bu g¢alismada otomatik ve makineli sagim gruplart arasinda siitiin somatik hiicre
sayimlarinda Klungel ve ark., (1) ve Abeni ve ark., (12) destekleyecek sekilde fark olmadigi goriilmiistiir. Ancak
otomatik sagim sistemi ile sagimdan sonra somatik hiicre sayisimin arttigini bildiren arastiricilar da vardir (8,13).
Yapilan bu ¢alisma ile her ne kadar SHS’de anlamli bir degisiklik olmasa da AKS’de anlamli bir artis goriilmistiir.
Aerobik kiiltlir sayis1 SHS gibi siitlin kalite kriterlerinden biri olmakla birlikte, ¢iftlik, ¢iftlik calisanlart ve sagim
hijyeni ile iligkilidir (11). Yapilan bu ¢alisma benzer yonetimsel standartlarda olan, en onemli farkliliklar1 sagim
sistemi olan iki ¢iftlikte yiriitiilmistiir. Dolayistyla aerobik kiiltiir sayisindaki artisin De Koning ve ark. (2003)
yaptiklar1 ¢alismay1 destekler sekilde otomatik/robotik sagim sisteminden kaynaklandigi diisiiniilmektedir. Bahsi
gecen calismada bunun nedeninin otomatik/robotik sagim cihazinin bulasik olmayan “temiz” olarak tabir edilen kismi
ve bekleme boliimii ile iligkili olabilecegi bildirilmistir (11).

Yapilan bu calismayla otomatik/robotik sagim sisteminin geleneksel sagim sistemi ile kiyaslandiginda
nispeten daha yeni bir teknoloji olmasina ragmen yine yonetimsel faktorlerin kalitesine muhtag bir sistem oldugu
diistiniilmektedir. Ancak siit kalitesi ve verimi iizerine etkilerinin degerlendirilmesi amaciyla daha fazla ¢aligmaya
ihtiya¢ duyulmaktadir.

Cikar Catismas1 Beyam

Yazarlarin ¢alisma kapsaminda herhangi bir kisisel ve finansal ¢ikar ¢catigmasi yoktur.
Finansal Kaynak Beyam

Bu c¢aligma sirasinda, yapilan arastirma konusu ile ilgili dogrudan baglantisi bulunan herhangi bir ilag
firmasindan, tibbi alet, gere¢ ve malzeme saglayan ve/veya ilireten bir firma veya herhangi bir ticari firmadan,
caligmanin degerlendirme siirecinde, ¢caligma ile ilgili verilecek karar1 olumsuz etkileyebilecek maddi ve/veya manevi
herhangi bir destek alinmamustur.

Yazar Katkis1 Beyani
Fikir/kavram: Aytac AKCAY, Hande GURLER
Deney tasarimi: Aytag AKCAY
Denetleme/Danismanhk: Hande GURLER
Veri toplama: A.Engin GOKTEPE
Veri analizi ve yorum: Aytag AKCAY
Kaynak taramasi: A.Engin GOKTEPE, Hande GURLER
Makalenin yazimi: A.Engin GOKTEPE, Aytac AKCAY, Hande GURLER
Elestirel inceleme: Aytag AKCAY, Hande GURLER

Etik Onay

Bu makaledeki sunulan verilerin, bilgilerin ve dokiimanlarin akademik ve etik kurallar ¢ercevesinde elde
edildigi, tiim bilgi, belge, degerlendirme ve sonuclarinin bilimsel etik ve ahlak kurallarina uygun olarak sunulduguna
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Ozer

Bu ¢aligmada, Tekirdag ilinde bir tavuk ciftliginde saptanan Corynebacterium ve Arcanobacterium spp. enfeksiyon
olgusu sunuldu. Tekirdag Namik Kemal Universitesi Veteriner Fakiiltesi Mikrobiyoloji Anabilim Dali Laboratuvarina
gozde tek tarafli siddetli keratokonjunktivitise bagl kapanma, yiizde 6dem ve solunum giicliigii sikayetiyle getirilen bir
tavuga nekropsi yapildi. Tavugun goziinden alinan irin ve diger nekropsi materyallerinden (akciger, kalp, karaciger,dalak)
uygun besi yerlerine ekimler yapildi. izole edilen bakterilerin identifikasyonu amaciyla rutin biyokimyasal testler
uygulandi. Nekropsi makrsoskobik incelemede; géziin tamamen kapandigi ve igerisinin irinle dolu oldugu, akcigerde
konjeste alanlar ve multifokal renk degisimleri ile kalpte hafif bir biiylime gozlendi. Materyallerden yapilan ekimlerde
Columbia agar (%5 koyun kanli) ve Tryptic Soy agarda treme olurken, Mac Conkey ve Eosin Methylene Blue agarda
tireme goriilmedi. Karaciger ve dalaktan yapilan ekimlerde tireme olmadi. Gram boyamada Gram pozitif ¢comaklar ve
kokobasiller tespit edildi. Biyokimyasal testlerle; gbzden alinan irinden Corynebacterium spp., akcigerden alinan
ornekten Arcanobacterium spp. ve kalpten alinan 6rnekten Corynebacterium spp. izole ve identifiye edildi. 1zole edilen
bu etkenler kanatli hayvan tiirleri i¢in potansiyel hastalik riski olugturmasi agisindan kayda deger bulundu.

Isolation of Corynebacterium spp. and Arcanobacterium spp. from a chicken with
keratoconjunctivitis

ABSTRACT

In this study, a case of Corynebacterium spp. and Arcanobacterium spp. infection is presented from a poultry farm in
Tekirdag city. Necropsy was performed on a chicken brought to Tekirdag Namik Kemal University Veterinary Faculty
Microbiology Department Laboratory with complaints of unilateral severe keratoconjunctivitis, facial oedema and
respiratory distress. The pus from the eye of the chicken and other necropsy materials (lung, heart, liver, spleen) were
inoculated into appropriate media. Routine biochemical tests were performed to isolate and identify the growing bacteria.
In necropsy macroscopic examination, a slight enlargement of the heart was observed with congested areas and multifocal
colour changes in the lung, in which the eye was completely closed and filled with pus. While bacterial growth was
observed on Columbia agar (5% sheep blood) and Tryptic Soy agar, no growth was observed on Mac Conkey and Eosin
Methylene Blue agar from inoculated samples. There was no bacterial growth in the liver and spleen samples. The Gram-
positive rods and cocobacilli were detected with Gram staining. As a result of biochemical tests; Corynebacterium spp.
and Arcanobacterium spp. from the lung sample, and Corynebacterium spp. from the pus sample of the eye were isolated
and identified. These isolations were found to be significant in terms of potential disease risk for poultry species.

How to cite this article: Gé¢men H, Boynukara B. Keratokonjunktivitisli bir tavuktan Corynebacterium spp.ve Arcanobacterium spp. izolasyonu. Vet
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1. Giris

Corynebacterium spp. ve Arcanobacterium spp. gibi Korineform bakteriler Gram pozitif comak, aerobik ve
fakiiltatif anaerobiktir. Hayvanlarin dogal mikrobiyotasinda yaygin ve konakgilart ile siki kommensal iligkilerde
bulunabilirler. Ancak konak¢inin immun sisteminin zayifladigi veya bagka bir patojenle enfekte oldugu durumlarda
firsat¢1 patojen olarak 6zellikle kalp ve akciger basta olmak {izere gesitli doku ve organlara yerlesip enfeksiyonlara
sebep olabilirler (1,2).

Bu caligma, Tekirdag Namik Kemal Universitesi Veteriner Fakiiltesi Mikrobiyoloji Anabilim Dali
Laboratuvarina gozde tek tarafli siddetli keratokonjunktivitise bagli kapanma, ylizde 6dem ve solunum giicliigii
sikayetiyle getirilen bir tavuga ait nekropsi materyalinin bakteriyolojik olarak incelenmesi amaciyla yapildi.

2. Olgu Tanmitimi

Gozde tek tarafli kapanma, yiizde sislik ve solunum giicliigii sikayeti ile Tekirdag Namik Kemal Universitesi
Veteriner Fakiiltesi Mikrobiyoloji Anabilim Dali Laboratuvarina getirilen tavuk usuliine uygun kesilerek nekropsi
yapildi. Bakteriyolojik tan1 amaciyla gézden alinan irin ve nekropsi materyalleri Columbia agar (%5 koyun kanli), Mac

Conkey (MC) agar, Eosin Methylene Blue (EMB) agar ve Tryptic Soy agara (TSA) ekildi ve 37° C’de aerobik ortamda

24-72 saat inkiibe edildi. Inkiibasyon sonrasinda besi yerlerinde iireyen kolonilerden hazirlanan preparatlar Gram
boyama y&ntemiyle boyanarak mikrospta incelendi. izole edilen bakteriler biyokimyasal testlerle identifiye edildi (3,
4).

Bulgular

Nekropsi makroskobik incelemede; goziin tamamen kapandigi ve igerisinin irinle dolu oldugu (Sekil 1),
akcigerde konjeste alanlar ve multifokal renk degisimleri (Sekil 2a,2b) ile kalpte hafif bir biiyiime (Sekil 2c) gdzlendi.

~ \ -
\\\\ X \\l\'\\-.

Sekil 1: Gozde kapanma ve irin

Figure 1: Closure of the eye and the eye pus
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Sekil 2: (a) Akcigerde konjeste alanlar (b) Multifokal renk degisimleri (c) Kalpte hafif blyime

Figure 2: (a) Congested areas in the lung (b)Multifocal color changes (c)Mild enlargement of the heart

Karaciger ve dalaktan besiyerlerine yapilan ekimlerde besiyerlerinin higbirinde iireme olmadi. Gdzden alinan
irin, akciger ve kalpten yapilan ekimlerde Columbia agar (%5 koyun kanli) ve TSA da tireme olurken, MC ve EMB
agarda Ureme gorulmedi. Gozde irin, akciger ve kalpten izole edilen bakterilerin % 5 koyun kanli Columbia agarda
iireme, katalaz ve oksidaz 6zellikleri ile Gram boyama mikroskobik goriintiileri agagida (Tablo 1, Sekil 3,4) gosterildi.

Tablo 1: Columbia agarda (%5 koyun kanli) iireme ve katalaz, oksidaz 6zellikleri
Table 1: Bacterial growth and catalase, oxidase properties on Columbia agar (5% sheep blood)

Ozellik Goz (irin materyali) Akciger Kalp
Koloni tipi S tipli, beyaz renkte, S tipli 24 saatte kigik S tipli, beyaz renkte,
(%5 koyun kanli nonhemolitik koloni nonhemolitik nonhemolitik koloni
Columbia agar base) 48-72 saatte o hemolitik
koloniler

Gram Boyama Gram pozitif, kiiclik Gram pozitif Gram pozitif kiigtk

pleomorfik gomak kokobasiller pleomorfik gomak
Katalaz + - +
Oksidaz degisken - degisken

Izole edilen bakterilerin identifikasyonu amaciyla diferansiyal besiyerlerine ekimler, Gram boyama yontemi, katalaz,
oksidaz, iire ve SIM (hareket ve indol) testleri uygulandi. G6zden alinan irinden Corynebacterium spp., akcigerden

alian 6rnekten Arcanobacterium spp.ve kalpten alinan 6rnekten Corynebacterium spp. bakterileri identifiye edildi.
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Sekil 3: Corynebacterium spp. (a) ve Arcanobacterium spp. (b) koloni morfolojileri

Figure 3: Colony morphologies of Corynebacterium spp. (a) and Arcanobacterium spp.(b)

Sekil 4: Corynebacterium spp.(a) ve Arcanobacterium spp.(b) mikroskobik morfolojileri (Gram boyama)

Figure 4: Microscopic morphologies of Corynebacterium spp.(a) ve Arcanobacterium spp.(b) (Gram staining)

3. Tartisma ve Sonug

Kanatlilarda barsak mikrobiyotasinin kalitesi hayvan sagligi ve hastaliklardan korunmada son derece
onemlidir (5). Corynebacterium ve Arcanobacterium cinsinde yer alan pek ¢ok tiir, karbonhidratlart metabolize ederek
laktat ve siiksinat gibi organik asitlere gevirebilmekte ve bu 6zellikleri nedeniyle kanatli hayvanlarin barsak florasinda
yemden yararlanmaya yardimci mikroflora igerisinde degerlendirilmektedir (6). Bu grup bakteriler ayn1 zamanda
kanatl hayvanlarin deri mikrobiyatasinda (7), konjunktival mikroflorasinda (8-12) bulunur.

Arcanobacterium pyogenes (Corynebacterium spp. gibi) opportunistik patojenler; memeli ve kanath
hayvanlarda deri, eklem ve i¢ organlar gibi gesitli organlarda suppuratif enfeksiyonlara da sebep olmaktadir (13).
Yapilan ¢aligmalarda, Korineform grubu olarak tanimlanan Corynebacterium ve Arcanobacterium cinsi bakterilerin
kanatlilarda pnémoni, endokarditis, septik artiritis (13), infeksiy0z konjunktivitis (14, 15) ve miks enfeksiyonlara neden
oldugu (16); penguen (14, 17), leylek (18), kartal (19) 6tiicii kuslar (20), agackakan (21), kaz (22), papagan (7), turna
(10), kanarya (16), pelikan (23) ve tavuk (12) gibi pek ¢ok yabani ve evcil kanatli hayvan tiiriinden izole edildigi
bildirilmektedir. Calismamizda, Korineform bakterilerin goz, akciger ve kalpten saf olarak izole edilmesi arastiricilarin
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bulgularim desteklemektedir. Awan ve ark. (24), klinik olarak hasta ticari broylerlerde kan, karaciger 6rneklerinden ve
diz eklemlerinden elde edilen 132 izolatin %18'inde Corynebacterium sp. izole etmislerdir. Diger bir vaka da kafeste
yetistirilen yumurtacilarda meydana gelen septisemi, i¢ organ lezyonlari, kutanéz apselerle karakterize bir
enfeksiyondan A.pyogenes izole edilmis ve %14'e varan 6liim oram1 ve yumurta iretiminde %27'den fazla diisiis
meydana gelmistir. Etkenin giris yeri, kotii kafes kosullarindan kaynakli olarak deri lezyonlari oldugunu o6ne
stirmiiglerdir (25). Calismamizda ise; tavuk siiriisiinde gozlenen hastaligin neden oldugu etkenin izolasyonu amaciyla,
klinik semptomlu bir tavugun nekropsi bulgularinda gézde ve i¢ organlarinda gozlenen patolojik bulgularin tespiti ile
ve mikroskobik bulgularinin sonucunda siiriniin Corynebacterium ve Arcanobacterium tiirlerinin neden oldugu
enfeksiyonun varligi ile desteklemektedir ancak deri lezyonlari ve eklemlerde bir semptoma rastlanmamustir.

Sonug olarak; bu c¢alismada, tek tarafli goz lezyonu ve solunum giigliigii sikayeti ile Mikrobiyoloji
Laboratuvarina getirilen tavuga ait nekropsi materyalinden bakteriyel etken izolasyonu ve identifikasyonu
gerceklestirildi. Mikrobiyolojik analizler sonucunda; gozden alinan irinden Corynebacterium spp. akcigerden alinan
Ornekten Arcanobacterium spp. ve kalpten alinan 6rnekten Corynebacterium spp. izole ve identifiye edildi. Hasta bir
tavuktan izole edilen bu etkenlerin fenotipik ve genotipik olarak daha detayli incelenmesi, virillens ve patojenik
Ozelliklerinin tespiti ile kanatli hayvanlarinda meydana gelen septisemi vakalarindan kaynakli 6liim oranlarinda diisiis
ve verim kayiplarinda artig igin 6nemli katkilara imkan saglayacaktir.

Cikar Catismas1 Beyam
Makalenin yazar/yazarlari, ¢alisma kapsaminda herhangi bir kisisel ve finansal ¢ikar ¢atigmasi olmadigini
bildirmektedir.

Finansal Kaynak Beyam

Bu c¢alisma sirasinda, yapilan arastirma konusu ile ilgili dogrudan baglantisi bulunan herhangi bir ilag
firmasindan, tibbi alet, gere¢ ve malzeme saglayan ve/veya tireten bir firma veya herhangi bir ticari firmadan,
calismanin degerlendirme siirecinde, ¢alisma ile ilgili verilecek karar1 olumsuz etkileyebilecek maddi ve/veya manevi
herhangi bir destek alinmamustur.

Yazar Katkis1 Beyam
Bu b6limde makalenin yazar/yazarlarinin ¢caligmaya katkilar asagidaki basliklar yardimiyla yazar(lar)in isim-
soyisimleri kullanilarak belirtilmelidir.

Fikir/kavram: Hilban GOCMEN, Banur BOYNUKARA

Deney tasarimi: Hiibban GOCMEN, Banur BOYNUKARA
Denetleme/Damgmanlik: Hiban GOCMEN, Banur BOYNUKARA
Veri toplama: Hilban GOCMEN, Banur BOYNUKARA

Veri analizi ve yorum: Hilban GOCMEN, Banur BOYNUKARA
Kaynak taramasi: Hiiban GOCMEN, Banur BOYNUKARA
Makalenin yazimi: Hiiban GOCMEN, Banur BOYNUKARA
Elestirel inceleme: Hilban GOCMEN, Banur BOYNUKARA

Etik Onay

Bu makaledeki sunulan verilerin, bilgilerin ve dokiimanlarin akademik ve etik kurallar ¢ergevesinde elde
edildigi, tam bilgi, belge, degerlendirme ve sonuglarinin bilimsel etik ve ahlak kurallarina uygun olarak sunulduguna
dair yazarlardan etik beyan alinmistir.
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ABSTRACT

Ventral abdominal hernia cases are frequently encountered in bird species. These abdominal hernias are usually seen in
sexually active female birds. Although the etiopathology is not fully understood, it is believed that the main cause is
hyperestrogenism. Among the herniated organs, intestines have been reported most commonly. However, a case of
abdominal hernia accompanied by air sac rupture has not been identified in the literature. An 8-year-old female budgerigar
presented with a complaint of swelling under the tail and was brought to Ankara University Veterinary Hospital. Clinical
examination revealed the presence of a ventral abdominal hernia under the tail. Radiographic evaluation showed that a
significant portion of the swelling was filled with air, and the herniated structures were identified as intestines. The
swelling was punctured with a 16G gray cannula, and the air was completely drained. Immediately after the air was
expelled, it was observed that the air was refilled, indicating air sac rupture. During the surgery, the herniated intestines
were reduced, and the abdominal wall was repaired. At the final follow-up examination after 14 days, complete recovery
of the patient was observed. In conclusion, the surgical procedure and postoperative follow-up results of a case involving
previously unreported ventral abdominal herniation accompanied by air sac rupture are presented.

Muhabbet kusunda (Melopsittacus undulatus) abdominal hava kesesi rupturu ile
birlikte seyreden kuyruk alt fink olgusu

Ozer

Kus tiirlerinde ventral abdominal hernia vakalarina oldukga sik olarak rastlanilmaktadir. Abdominal fitiklar genellikle
seksiiel olarak aktif olan disi kuslarda goriilmektedir. Bunun etiyopatolojisi tam olarak bilinmese de temel nedenin
hiperdstrojenizim oldugu diisiiniilmektedir. Fitiklasan organlar arasinda en sik olarak bagirsaklar bildirilmistir. Ancak
hava kesesi rupturu ile birlikte abdominal herni seklinde bir vaka literatiirde belirlenememistir. Kuyruk altr siskinlik
sikayetiyle gelen 8 yasinda disi muhabbet kusu, Ankara Universitesi Hayvan Hastanesi’ne getirildi. Yapilan klinik
muayenesinde kuyruk alt1 fitik oldugu saptandi. Radyografik degerlendirmesinde, bu sisligin biiyiik bir kisminin hava
oldugu, ayrica fitiklagan yapilarin da bagirsaklar oldugu saptandi. Sislige 16G gri kaniil ile punksiyon yapildi ve hava
tamamen bosaltildi. Hava bosaltildiktan hemen sonra tekrar havanin doldugu gézlemlendi ve buna istinaden hava kesesi
rupturu oldugu saptandi. Yapilan operasyonda, fitiklagan bagirsaklar reddedilerek abdominal duvar tamir edildi. 14 giin
sonraki son kontroliinde hastanin tamamen iyilestigi gozlemlendi. Sonug olarak, daha once literatiirde rastlanmamis
kuyruk alt1 herniasyon ile birlikte seyreden hava kesesi rupturu olgusunun operasyonu ve post-operatif kontrol sonuglari
paylasilmaktadir.

How to cite this article: Uslu E, Bayraktar $S, Ates Z. Undertail Body Wall Herniation With Abdominal Air Sac Rupture in Budgerigar (Melopsittacus
undulatus). Vet Hekim Der Derg 2023; 94(2):168-176. DOI: 10.33188/ vetheder.1298063
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1. Introduction

The avian respiratory system includes two morphologically and functionally distinct but concomitant
pulmonary structures. The first is the lungs, which provide the main gas exchange, and the other is the air sacs. The
parenchymal, gas-exchanging portion of the lung is attached dorsolaterally to the rib cage and most of it is buried
between the ribs (1). The lungs connect directly with the air sac system (2).

Air sacs are large, sensitive and transparent air chambers that connect to the lung in areas called ostia located
on the cranial, ventral, and distal edges of the lung (Figure 1). Air sacs make up the largest portion of the total volume
of the bird's respiratory system (3). The avians have five air sacs of different size and place. These are the cervical, the
interclavicular, the craniothoracic, the caudothoracic, and the abdominal air sacs (4).

Posterior Thoracic

Figure 1: Anatomical positioning of the air sacs in the budgerigar

Sekil 1: Muhabbet kuslarinda hava keselerinin anatomik yerlesimi

Compared to the cranial air sacs group, the oxygen concentration is higher and the carbon dioxide
concentration is lower in the caudal air sacs (5). The air sacs most commonly come to veterinary attention when
infectious agents take root or with rupture of the air sacs causing subcutaneous emphysema (3). Focal damage to any
air sac may result in air sac rupture and subsequent subcutaneous emphysema (6).

Budgerigars (Melopsittacus undulatus) are the most common avian patients for abdominal hernias and are
thought to be caused by the thinning and gradual separation of muscle fibres (7). Although the actiology is not known
precisely, it is suggested that hyperestrogenism, and changes in calcium metabolism cause abdominal hernias (8).
Reproductively active females are more common for hernias caused by straining, possibly from dystocia or chronic
ovulation (9). Trauma or intra-abdominal masses can also lead to hernia formation (10). The intestines are the most
commonly reported herniated organ in avian abdominal hernias (11).

Affected birds are middle-aged to older birds that usually present with varying degrees of abdominal
distension. If the hernia grows, ulceration and bleeding may occur on the skin. Typically, a broad-based stance is
observed. Droppings are usually larger in volume and defecation occurs less frequently (8).

The aim of this case report is to describe the clinical findings and post-operative processes of a previously
unreported occurrence of gallbladder rupture associated with a subhepatic abdominal hernia. Furthermore, it aims to
contribute this unprecedented condition to the existing literature.
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2. Case Story

An 8-year-old female budgerigar used as a breeder applied for an evaluation of a ventral tail mass that was
first noted 1.5 years earlier (Figure 2). The patient was originally seen by another veterinarian, but no diagnosis could
be made. Known to have had a history of egg squeezing, the bird had no history of reproductive activity after the event
and showed no symptoms other than the present undertail mass. About a month before his admission to our hospital,
the patient's owner observed that the swelling in question was filled with air by inflating like a balloon, and this swelling
was relieved, especially with sleep, in the evening hours. In addition, it was stated that the patient did not want to fly
too much and generally wanted to stay in her cage. During this period, appetite and general condition were evaluated
as normal. An application was made to our faculty for the diagnosis and treatment of swelling that reached the size of
an egg in the last week.

Figure 2: Photographs of an 8-year-old female budgerigar while presenting for an undertail mass caudal to the cloaca
during her examination on her first visit to the clinic.

Sekil 2: Klinige ilk getirildigi giin kuyruk altinda sislik belirlenen 8 yasinda disi muhabbet kusunun fotograflar

On physical examination at the presentation, the patient was alert and responsive. The body weight was 32
grams and according to Burton et al, (12) the body condition score was 3/7. As a result of the clinical examination, a
well-demarcated 6 cm in diameter, fluctuant, gas-filled, keratinized mass with a thick abdominal skin line was observed
in the abdominal region (belly).

The radiographic evaluation identified abdominal herniation and showed that the radiolucent area inside the
hernia sac may be due to abdominal air sac rupture due to chronic irritation (Figure 3).

A fine needle aspiration (FNA) with a 16G gray cannula of the mass was performed and the accumulated air
in the abdomen was evacuated. 2-3 seconds after the completion of the procedure, the evacuated air filled the abdomen
more than its former tension (Figure 4). As a result, rupture of the abdominal air sac was determined.

One week later, the budgerigar presented for a mass removal. Due to patient size and the limited blood volume
to be sampled, no hematologic testing was performed before the planned surgical removal of this mass.
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Figure 3: Preoperative right lateral radiograph of a budgerigar with abdominal hernia (a) showing a radiodense protruding

pericloacal herniation with radiolucent air. Ventrodorsal radiograph of the same budgerigar showing the protruding mass;

hernia and air contents could be visualized (b). Extended skin margin and air opacity between the abdominal wall and skin
margin are observed (star).

Sekil 3: Pre-operatif olarak ¢ekilmis abdominal fitig1 olan muhabbet kusunun sag lateral radyografisi (a), radyolojik
olarak yogun bir sekilde disart dogru ¢ikintt olarak belirlenmis perikloakal fitiklasmay: ve radyolusent hava igerigi

gosterilmektedir.
Aynt muhabbet kusunun ventrodorsal radyografisi (b). Abdominal karin duvari ile deri arasinda gézlenen radyolusent hava
(vildiz).

el 4

Figure 4: Refilling the mass with air as a result of puncture; Evacuation of air by puncture (a), when the air is completely
evacuated (b), refilling the air 2-3 seconds after puncture (c)

Sekil 4: Karin altindaki havanin puksiyon ile bosaltilmasi prosediirii; Havanin bosaltilmasi (a), Hava tamamen
bosaltildiginda (b), Bosaltilan havanin 2-3 saniye icinde tekrar dolmast (c)
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Oxygenation was applied for 10 minutes before the operation. Preoperative analgesia (Tanacetum parthenium,
1 drop/50 gr, PO, Avicare, Turkey) and antibiotics (Enrofloxacin 15 mg/kg, PO, Baytril 5%, Bayer, Turkey) were
administered. The bird was induced with isoflurane (5% in 5 L/min of 100% oxygen), (Isoflurane USP, Adeka Ilag,
Turkey) via facemask and anesthesia was maintained (SMS Medical Co. Ltd, Turkey). The bird was placed in dorsal
recumbency, and a heating bag was used to help maintain normothermia. The feathers around the operation area were
removed to cover the abdomen and the site was prepared aseptically with 2% chlorhexidine solution. A melon slice
incision was made on the yellow, dry, and keratinized skin with a no15 scalpel. In the surgical evaluation, the mass
observed that the intestines were herniated as a result of the rupture of the abdominal muscles (Figure 5).

After the herniated bowel tissue was rejected into the abdomen, the hernia hole was debrided and the muscular
defect in the body wall was closed with a simple continuous suture with absorbable suture (5/0 PGLA, Katsan, Turkey).
Excess skin tissue was removed and the skin was narrowed and closed in a simple continuous pattern with the same
absorbable suture (5/0 PGLA, Katsan, Turkey). With this method, it was expected that the gas leaking from the air sac
would accumulate in the abdomen and heal the air sac defect by creating pressure.

Blood loss in the procedure was minimal and hemostasis was performed using tampons. The patient recovered
uneventfully from surgery and passing normal excrements within 1 hour and eating was allowed 3 hours after the
operation.

Figure 5: Surgical evaluation, the mass observed that the intestines were herniated as a result of the rupture of the
abdominal muscles

Sekil 5: Cerrahi degerlendirme sonrasinda, belirlenen kitlede hava ile birlikte bagirsaklarin fitiklastigi belirlenmistir.

Postoperative radiographs containing lateral and dorsoventral views were supported (Figure 6). The bird was
released to care for its owners with continued enrofloxacin (15 mg/kg, PO, q24h, 7 days, Baytril %5, Bayer, Turkey),
analgesic (Tanacetum parthenium, 1 drop/50 gr, PO, q24h, 7 days, Avicare, Turkey), liver support (Silybum marianum,
1 drop/ /50 gr, PO q24h, 7 days, Avicare, Turkey) and multivitamin & amino acid (Multivitamin&Aminoacid, 1 drop/50
gr, PO,Avicare, Turkey).
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Figure 6: Postoperative right ventrodorsal radiograph of a budgerigar with abdominal hernia operation (a), postoperative
lateral radiograph of the same budgerigar (b).

Sekil 6: Postoperaif olarak ¢ekilen radyografilerde fitigin tamamen diizeldigi goriilmektedir. Ventrodorsal goriintii (a),
Laterolateral goriintii (b).

The owner was instructed to keep the budgerigar in a smaller cage to limit activity for 7 days (Figure 7). Two
weeks later, the bird was rechecked and showed no abnormalities in medical history, lifestyle or physical examination.

Figure 7: Post-operative 7th day control photograph of an 8-year-old female budgerigar who applied to the clinic with the
complaint of an abdominal mass.

Sekil 7: Post-operaif 7. Giinde muhabbet kusunun herhangi bir sikayeti ve niiks olgusu ile karsilagilmamigstir.

On the 14th postoperative day, the patient was allowed to fly and the treatment process was completed after
the controls. To date, 2 months after the procedure, the bird remained healthy and flying performance also increased as
reported by the owner over the phone.



Vet Hekim Der Derg 94 (2): 168-176, 2023 174

3. Discussion and Conclusion

This case report describes a unique appearance of the diagnosis and surgical repair of a chronic ruptured
abdominal air sac with a ventral abdominal hernia in a budgerigar. Abdominal hernias are common in sexually active
female budgerigar (7). However, no case associated with rupture of the abdominal air sac has been reported. The
budgerigar in this case was a solid female, moderately overweight, and had a problematic history of laying or breeding.

Ventral abdominal hernias, though commonly seen in budgerigars (7,13), have been reported in other avian
species including a common myna (Acridotheres tristis) (13), a red lory (Eos bornea) (8), a wild Northern pintail (Anas
acuta) (14), and multiple pigeons (Columba livia) (9). Typically, the abdominal muscles are dilated along the line of
the linea alba (13) resulting in the representation of a ventral midline hernia (11). However, there are no reports of
abdominal hernia and air sac rupture in budgerigars.

Air sac rupture in birds is usually the result of trauma; however, other causes include infectious disease,
nutritional deficiencies and significantly difficult breathing. The most common complication of air sac rupture is
subcutaneous emphysema, which presents as a painless, soft swelling (15). It is not usually life-threatening, but is a
source of pain and discomfort and significantly affects quality of life (15). Although air sac ruptures in budgerigars
usually occur as a result of chronic inflammation, it is thought to be caused by intense abdominal pressure formed
during egg laying in this case.

Subcutaneous emphysema can be differentiated from other lesions by its characteristic features, which include
painless, non-febrile, and balloon-like palpation. It can be easily diagnosed through fine needle aspiration (15). Various
techniques have been attempted in previous literature for subcutaneous emphysema, with the most commonly used
being subdermal stents. These have been found to provide significant benefits in the clinical improvement of the patient.
Different materials are used for these stents, with Teflon or plastic stents being the most commonly used (16). Various
underlying causes can lead to subcutaneous emphysema, including trauma, inflammation, infection, and nutritional
deficiencies. It is believed that in this budgerigar, subcutaneous emphysema is caused by an increase in abdominal
pressure due to continuous egg-laying. Furthermore, it is thought that as the bird ages, the weakening of abdominal
muscles and excessive increase in internal pressure can cause the rupture of the air sac and result in subcutaneous
emphysema.

The most common complication observed following stent implantation surgeries is usually the formation of
debris due to inflammatory reactions in the region, leading to the failure of stents to adhere permanently. The reason
for this is the development of foreign body reactions (17). Therefore, in this case, a stent was not implanted during the
operation. Despite the absence of a stent, the patient fully recovered and did not develop subcutaneous emphysema
again as a result of air sac rupture. The possible reason for the absence of recurrent air sac rupture may be attributed to
the internal organs that were replaced during the repair of the parakeet's abdominal hernia, which applied pressure to
the abdominal air sac and prevented leakage.

In the present case, surgical management was successful in resolving the budgerigar’s chronic recurrent
emphysema due to air sac rupture and abdominal hernia. Postoperatively, the patient recovered with no complications.
Antibiotic therapy was used due to communication of the surgical site with the respiratory system. Analgesic therapy
was limited to meloxicam postoperatively, but was deemed sufficient given the prompt return to normal habits
immediately after surgery. Subsequently, there was no need to use a specific analgesic protocol. The patient did not
report any problems and did not revisit our clinic during the following 2-month follow-up period.

Birds do not have sweat glands, and under heat stress they use improved evaporation from the respiratory
system as the main route for heat dissipation. Air sacs in birds are important structures that provide thermoregulation
by evaporating heat (18). In this case, measurements were not made, considering that the patient might be under
respiratory stress owing to air sac rupture.

The prognosis for air sac rupture in acute cases is often good with treatment. As previously discussed, air sac
rupture is not typically life-threatening but can be a significant source of morbidity for the bird and frustration for
clients in chronic cases (19). Advanced therapy may be necessary for a good prognosis for birds with chronic, recurrent
air sac rupture. In the present case, the budgerigar had a good surgical outcome with no complications on follow-up 2
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months postoperatively.

This case illustrates the potential benefits of utilizing advanced surgical exploration to identify chronic air sac
rupture defects with an abdominal hernia in avian species. This case report presents the first documented case of
concurrent air sac rupture and an abdominal hernia in budgerigars. This clinical report may serve as a valuable resource
for clinicians managing similar cases of chronic air sac rupture with abdominal hernia in budgerigars.
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Bununla birlikte; elde edilen verinin ¢ok bilyiikk olmasi gibi durumlarda klasik istatistiksel yontemler yetersiz
kalabilmektedir. Teknolojinin hizla gelismesi ve bilgilerin depolanabilme kapasitelerinin artmasi, bilginin dnemini daha
da arttirmistir. Bilginin 6nemli hale gelmesi, toplanan verinin biiyiik olmasi ve klasik istatistiksel yontemlerin bu veriyi
analiz etmede yetersiz kalmasi ise veri madenciligi gibi yontemlerin dogmasina neden olmustur. Veri madenciligi, dijital
platformlarda depolanan devasa biiyiiklikteki veriler arasindaki Oriintiilerin degerlendirilmesi, ¢ikarimlar yapilmasi ve
bunun sonucunda da anlamli bilgiler elde edilmesi i¢gin uygulanan analizler olarak tanimlanmaktadir. Veteriner hekimligi;
hayvan yetistiriciligi, gida giivenligi, gida kalitesinin belirlenmesi, hayvan hastaliklarinin yayilimi, hastaliklarin teshis ve
tedavisi gibi bir¢ok konuda veri iiretilmesi nedeniyle veri madenciliginin uygulanabilecegi bir alandir. Bu derlemede
veteriner hekimligi alaninda son yillarda yaygin bir sekilde kullanilmaya baslanan ve 6nemli bir siiflandirma modeli
olan karar agaglar1 modelleme yonteminin igerigi ve kullanim alanlarinin tanitilmasi amaglanmustir.

Examination of decision trees applications in the veterinary medicine

ABSTRACT

Statistical methods are important tools in the analysis of data obtained as a result of scientific research. However, in cases
where the data obtained is very large, classical statistical methods may be insufficient. The rapid development of
technology and the increase in the storage capacity of information have increased the importance of information even
more. The fact that information has become important, the data collected is large, and classical statistical methods are
insufficient to analyze this data has led to the emergence of methods such as data mining. Data mining is defined as the
analysis applied to evaluate the patterns among the huge data stored on digital platforms and to make inferences to obtain
meaningful information. Veterinary science is an area where data mining can be applied because it produces data on many
subjects such as animal husbandry, food safety, determination of food quality, the spread of animal diseases, diagnosis
and treatment of diseases. This review, it is aimed to introduce the content and usage areas of the decision tree modeling
method, which has been widely used in the field of veterinary medicine in recent years and is an important classification
model.
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1. Giris

Bilgi sistemleri ve teknolojinin artan hizla gelisimi ile saklanan ve islenebilen veri miktarinin artmasi, verilerin
farkli analiz yontemleri ile yorumlanmasi ihtiyacini giindeme getirmis, diinya literatiiriinde “Data Mining” (1) olarak
ifade edilen “Veri Madenciligi” kavramini ortaya ¢ikarmistir.

Veri madenciligi, dijital platformlarda depolanan devasa biiyiikliikteki veriler arasindaki 6riintiileri kesfederek
¢ikarimlar yapmak, farkli acilardan analiz ederek anlamli bilgiler elde edilmesi i¢in uygulanan analizler olarak
tanimlanmakla birlikte, son yillarda strateji odakli karar destegi saglamaya yo6nelik kullanilmaktadir (2-6). Bu baglamda
saglik bilimleri alaninda tiretilen ve farkli birgok disiplinden toplanan biiyiik veri de olduk¢a dinamik ve karmagik bir
yapiya sahip olmasi nedeniyle veri madenciligi i¢in kullanilabilecek bir alan olusturmaktadir (7). Veteriner hekimligi
alan1 da birgok farkli disiplini biinyesinde barindirmasi ve hayvan yetistiriciligi, gida giivenligi, hayvan hastaliklarinin
yayilimi, teshis ve tedavisi gibi bircok konuyu kapsamasi nedeniyle veri madenciliginin uygulanabilecegi bir alandir.
Veri madenciligi; veteriner hekimlere ve aragtirmacilara, arastirilan konu ile ilgili yeni bilgi liretme, hastalik teshis ve
tedavi siireglerinde daha isabetli kararlar verme, herhangi bir arastirma konusunda yapilacak tahmini modellemelerin
daha gergekei olmasini saglama ve hayvan 1slahi programlar1 gibi programlarin planlanmasinda yarar saglamaktadir
(8-10). Bunun yam sira veri madenciligi veteriner pratikte; kanatli mortalitelerinin tahmini, 1slah programlarinin
gelistirilmesinde yardimer veriler olugturulmasi, mastitis gibi ekonomik énemi olan hastaliklarin belirlenmesi, g¢esitli
hastaliklar i¢in teshis modelleri ve tedavi stratejilerinin gelistirilmesi, genomik veriler kullanarak hayvanlarin kimlik
teyidi ¢aligmalarinin yapilmasi, farkli parametreler kullanilarak et kalitesinin degerlendirilmesi, miRNA’larin hedef
genlerinin tahmin edilmesi, hayvan davranislari, tiir tayini, ekonomik énemi olan verim 6zelliklerinin tahmin edilmesi
gibi bir¢ok farkli konuda kullamm alan1 bulmaktadir. Bu amaglarla kullanilan veri madenciligi i¢in gelistirilmis
yontemler genel olarak; siniflandirma (Classification), kiimeleme (Clustering) ve birliktelik kurallar1 (Association
Rules) seklinde gruplandirilmaktadir (3). Bu yontemler i¢inde en sik kullamlan yontem ise siniflandirma yontemidir.
Baslica siniflandirma modelleri; Karar Agaglari (Decision Trees) (11), Yapay Sinir Aglan (Artificial Neutral Networks)
(12), Genetik Algoritmalar (Genetic Algorithms) (13), Naive-Bayes (14) ve Lojistik Regresyon (Logistic
Regression)’dur (15).

Bu derlemede veteriner hekimlik alaninda son yillarda yaygin bir sekilde kullanilmaya baslanan ve 6nemli bir
siiflandirma modeli olan karar agaglart modelleme yoOnteminin igerigi ve kullanim alanlarinin tanitilmasi
amaglanmustir.

2. Karar Agaclan

Veri madenciliginde giivenilir ve siklikla tercih edilen siniflandirma yontemlerinden biri olan karar agaclari,
ilk defa Breiman ve arkadaglari (11) tarafindan 6nerilmistir. Bu yontem kullanilarak verilerin siniflandirilmasi iki
asamali olarak gerceklestirilmektedir. Birinci asama 6grenme asamasi, ikinci agama ise test verisi agamasi olarak
isimlendirilmektedir. Ogrenme asamasinda; bilinen bir grenme veri seti, model olusturmak amaciyla smiflandirma
algoritmast ile belirlenmektedir. Ogrenilen model, smiflandirma kurallarini olusturur ve karar agaci seklinde ifade
edilmektedir. Test verisi agamasi ise siniflandirma kurallarinin dogrulugunu belirlemek amaciyla kullanilmaktadir.
Siniflandirma kurallanmnin dogrulugu kabul edilebilir diizeyde ise elde edilen kurallar elde edilen yeni verilerin
simiflandirilmasit i¢in kullanilabilmektedir (16,17). Karar agaglari ayn1 zamanda regresyon amaciyla da
kullanilmaktadir.

Karar agaglarinda her bir degisken bir diigiim (node) ile temsil edilmektedir. Karar agacinda en iist kisim kok,
en alt siiflandirmay1 saglayan diigiim ise yaprak (leaf) diigiim olarak isimlendirilir. Kok ile yaprak diigtimler arasinda
kalan kisimlara ise dal (branch) adi verilir (18). Karar agaglarinin genel yapisi Sekil 1°deki gibi gorsellestirilebilir.
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Sekil 1: Karar agaci temel yapisi (Adua ve ark, 2021 (19)’den Tiirk¢e’ye uyarlanmistir)
Figure 1: The basic structure of decision tree (adapted to Turkish from Adua et al., 2021 (19))

Karar agaclar1 olusturulmas: igin farkl algoritmalardan yararlamlabilmektedir. Secilen algoritmaya gore
olugturulan karar agacinin sekli de degisebilmektedir (20). Karar agaglarinda kdkiin ne olacagi, dallanmalarin hangi
kriterlere gore yapilacagi kullanilan algoritmaya gore belirlenmektedir. Karar agaci olusturmak i¢in kullanilan ilk
algoritma Morgan ve Sonquist, 1963 (21) tarafindan bildirilen otomatik etkilesim belirleme analizi (Automatic
Interaction Detector; AID) algoritmasidir. Daha sonra bu alanda yapilan ¢alismalar sonucunda; otomatik Ki-kare
etkilesim belirleme analizi (Chi-squared automatic interaction detector; CHAID) (22), siniflama ve regresyon agaclari
(classification and regression trees; CART) (11), tekrarh ikililik¢i agac: (iterative dichotomiser 3; ID3 agaci) (23),
ayrintili otomatik Ki-kare etkilesim belirleme analizi (Exhaustive Chi-squared automatic interaction detector; CHAID)
(24), cok degiskenli adaptif regresyon egrileri (multivariate adaptive regression splies; MARS) (25), C4.5 karar agaci
(26), C5 karar agaci (26), CALS karar agaci algoritmasi (27), QUEST te denetimli 6grenme (supervised learning in
QUEST, SLIQ) (28), karar agaglarinin 6l¢eklendirilebilir paralel indiiksiyonu (scalable parallelizable induction of
decision trees; SPRINT) (28), ¢abuk, onyargisiz, etkin istatistiksel agag, (quick, unbiased, efficient statistical tree;
QUEST) (29), rastgele orman (Random Forest) (30), arttirllmis agacglar (boosted trees) (31), J48 agac1 (C4.5’in
Weka’daki uygulamasi) (32), dondiirme agaci (rotation forest) (33) gibi farkli algoritmalar gelistirilmistir.

Karar agaglarinin olugturulmasi agamasinda iizerinde durulmasi gereken en kritik asama; veri setinde bulunan
her bir degiskenin simiflandirilmasim saglayacak dallanmanin hangi kritere gore yapilacaginin belirlenmesidir (20).
Agac olusturulurken belirsizligi en fazla olan degiskene karar verilmesi ve agacin kok diigiimii i¢in test edilmesi dnem
arz etmektedir. Degiskenin belirlenmesine yonelik olarak ilgili literatiirde entropiye dayali olan; bilgi kazanci ve bilgi
kazan¢ oram1 (34-36), gini kriteri (11), twoing kurali (11) ve ki-kare olasilik (37) tablo istatistigi gibi farkli
metodolojilerin kullanilabilecegi bildirilmistir.

Agac olusturulmasi sirasinda bazen basit bir veri kiimesinden biiylik bir aga¢ olusabilmektedir. Karar agaci
olugtururken istenmeyen bir durum olarak olugan bu olaya asir1 6grenme (overfitting) adi verilmektedir (38). Asir
Ogrenme; veri yigini iizerinde giiriiltii olmasi ve/veya secilmis veri kiimesinin o durumu temsil etmemesi sonucunda
olugmaktadir. Ayrica; agir1 6grenme test veri setine ait hata oraninin yiiksek ¢ikmasina neden olabilmektedir. Agag
olugturma amaciyla kullamlan algoritmalar siklikla aginn 6grenme olusturabilmektedirler. Olusan agacin ¢ok biiyiik
olmasi bu etkiyi fazlasiyla artirmaktadir. Istenmeyen bir durum olarak sekillenen asir1 5grenmenin dniine gegmek icin
gesitli yontemler uygulanmaktadir. Bu yontemlerden biri budama (pruning) yapmaktir. Budama islemi iki farkli sekilde
gerceklestirilebilmektedir (34). Bu yontemlerin ilki, aga¢ yapisi olusturulmasi sirasinda belli bir oranda biiyiiyen agacin
daha ¢ok bilylimesine engel olmak icin bolinmeyi durdurup 6n budama (prepruning) islemi yapmaktir. Bu yontemde
dezavantaj olarak celiskili sonuglar elde edildigini bildiren goriisler bulunmaktadir (11). Budama i¢in kullanilan diger
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yontem ise aga¢ olusturulduktan sonra sekillendirilmis olan boliinme noktalarinin ¢ikarilmasi ile yapilan son budama
islemidir (postpruning).

Bahse konu edilen veri madenciligi yontemlerinin uygulanabilmesi i¢in kullanilmasi gereken verilerin dijital
ortamda olmasi gerekmektedir. Bircok farkli alanda yasanan dijitallesmeye veteriner hekimlik alan1 da ayak uydurmus
ve hizl bir dijitallesme siirecine girilmistir. Ornegin; veteriner klinikleri, hayvan hastaneleri, siit inegi isletmeleri,
kanatl hayvan igletmeleri ve yem iireticileri gibi birgok farkli alanda artik veriler periyodik olarak dijital ortamlara
aktarilmakta ve yazilim programlar ile islenmektedir. Bu gelismeler sonucunda veteriner hekimlik alaninda da veri
madenciligi ¢aligmalarinin ham maddesini olusturan dijital veri kaynagi olusmus ve olusmaya devam etmektedir.
Verilerin toplanmasinda yasanan bu hizli degisim ile es zamanli olarak da veteriner hekimlik alaninda veri madenciligi
iizerinde yapilan ¢aligmalar ivme kazanmistir. Bu baglamda; veteriner hekimligi alaninda kullanilan veri madenciligi
yontemlerinden biri olan karar agaglarinin kullanildigi ¢aligmalarindan bir kismui bir sonraki bélimde 6zetlenmistir.

3. Veteriner Hekimligi Alaninda Karar Agaci Uygulamalari

Vale ve ark. (39), 1s1 dalgas1 insidansinin broiler tavuklarinin mortaliteleri Uzerindeki etkisini hesaplamak igin
karar agaglarin1 (J48 algoritmasi) kullanmiglardir. Bu amagla broiler mortalitesi ile i¢ ve dis ¢evresel faktorleri
(sicakliklar, nispi nem, nemlilik indeksi vb gibi) kullanarak bir model olugturup; 29 ve 42 giinliik broilerler igin zararlh
cevresel kosul araliklarini belirlemislerdir. Bu verileri kullanarak da broiler mortalitelerinin karar agaglar ile tahmin
edilebilecegini ortaya koymuslardir.

Piwczynski, (40) 2-8 yaslarinda 6586 Polonya Merinos koyununda ana¢ koyunlarin biiyiitmiis oldugu
yavrularin sayisinda degisime neden olan faktorleri belirlemek i¢in siniflandirma agaglarim (Gini indeks) kullanmugtir.
Yavru sayisindaki varyasyon; koyun canh agirhgs, iiretim sektorii, dogum ve yetistirme tipi, dogum ve kuzulama yil,
koyun yas1 ve siirii odakli olarak degerlendirilmistir. Caligmada siirii faktoriiniin yavru sayisim etkileyen oldukca
6nemli bir etken oldugu ayrica veri alt kiimelerini olusturan en 6nemli faktoriin de canli agirlik oldugu belirlenmistir.

Pinzon-Sanchez ve ark. (41) yaptiklan arastirmada; laktasyonun erken doneminde farkli patojenlerin etkisiyle
olusan hafif veya orta siddette klinik mastitis olgularinda uygulanan meme i¢i tedavi siirelerinin ekonomik etkilerinin
degerlendirilmesi i¢in karar agaci gelistirmislerdir. Olgular meme lobu diizeyinde degerlendirilmistir. Arastirma
sonucunda, karar agacinin ticari siit¢ii siiriilerde ekonomik olarak en uygun tedavinin segilmesinde kullanmilabilecek
etkili bir yontem oldugu sonucuna varilmistir.

Zidek ve ark., (42) Avusturya ve Slovakya orijinli 412 bas Pinzgau sigirinin DNA’lar1 ile hayvanlara ait kimlik
kontrolii/teyidi amaci ile siniflandirma modeli gelistirmislerdir. Calismada toplam 412 bas sig1r orijinlerine gore 1. simif
(n=346) ve 2. smif (n=66) olmak {izere ayirmiglardir. Hayvanlarin genetik oriintiileri 20 farkli veri madenciligi metodu
ile modellenmistir. U¢ model yiiksek belirleme basaris1 degerlerine gore secilmistir. En kiiciik algoritma hatas1 karar
agaclart uygulanan modelde bulunmustur. Sonug¢ olarak; veri madenciligi yontemlerinin kullanimi ile genetik
oOriintiilere dayal bilinmeyen 6rneklerin siniflandirilabilecegi gosterilmistir.

Wylie ve ark., (43), atlarda laminitis ile diger topallik nedenlerinin prevalanslarini karsilastirmak ve
laminitisleri ayirt edebilmek ig¢in karar agaclarinin kullamlabilirliklerini arastirmiglardir. Calismada Once atlarin
gostermis oldugu semptomlar degerlendirilerek, atlar laminitis olan ve olmayan olarak ayrilmistir. Ayrica; veriler
olugturulan laminitis degerlendirme formuna islenmis, durus ozellikleri, topallik durumu, etkilenen ayaklar ve
laminitise bagli olusan akut ya da kronik belirtiler olmak {izere 5 boliime ayrilmigtir. Daha sonra semptomlara bakarak
konan teshisler ve form degerlendirmeleri karsilastirilmisg, her klinik semptom ile olgu arasindaki iliski %95 giiven
araliginda diizeltilmis olasilik oranlar kullanilarak lojistik regresyon modeli ile degerlendirilmistir. Kaydedilen klinik
semptomlar kullanilarak i) topallik, ii) durus, iii) etkilenen ayaklar, iv) akut semptomlar, v) akut ve kronik semptomlar
olmak iizere 5 adet 6n aga¢ modeli olusturulmustur. Daha sonra bes 6n aga¢ degerlendirmesinden laminitis i¢in en
biiytik belirteg olarak tanimlanan degiskenler kullanilarak iki birlesik aga¢ modeli olusturulmustur. ilk kombine agac¢
modeli; kronik laminitis belirtisi olmayan atlarda akut klinik belirtiler gézlemlenen ayaklar ve durus 6zelliklerinden
olusturulmus, ikinci kombine aga¢ modeli ise kronik laminitis olan atlarda akut ve kronik klinik belirtiler gézlemlenen
ayaklar ve durus oOzelliklerinden olusturulmustur. Sonug¢ olarak; karar agaci modellerinin laminitis gibi bazi
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hastaliklarin tespitinde kullanilabilecegi ancak gelistirilmesi gerektigi belirlenmistir.

Veléasquez ve ark. (44) yaptiklari ¢aligmada; karar agac1 yontemini kullanarak sigir etinin hiperspektral goriintii
analizine dayali olarak mermerlesme derecesini belirlemeyi amaglamislardir. Bu amagla; 29 disi ve 6 erkek sigir
karkasinda M. longissimus dorsi kasindan 6rnek alinmistir. Alinan 6rnekler -18 °C’de 24 saat siireyle tutulmus ve 2 cm
kalinliginda pargalar kesilmistir. Kesitler 2 °C’de 24 saat bekletilerek ¢ozdiiriilmiis ve hiperspektral goriintiileme
kamerasi (Pica XC, Resonon Inc., ABD) ile taranmislardir. Ornekler 0.5 cm/s hizla satir satir taranarak hiperspektral
goriintiiler elde edilmistir. Gorlintiiler; referans degerler kullanilarak MATLAB 7.1 R2010a yazilimi ile diizeltilmistir.
Alman kesitlerde etin farkli boliimleri (yaglh ve yagsiz alanlar) MATLAB 7.1 R2010a programi kullamlarak
tanimlanmugtir. Elde edilen sigir eti goriintillerinde mermerlesme dagilimim analiz edebilmek i¢in goriintiilerde
olusturma (building) ve smiflandirma islemleri yapilmistir. Olusturma asamasinda kullanilmak iizere alinan
hiperspektral goriintiilerden rastgele 10 goriintii se¢ilmistir. Bu goriintiiler iizerinde yag ve et pikselleri secilmistir.
Secilen piksellerin spektral profilleri ile bir veri tabani olusturulmustur. Veri setinden aykin degerler ayiklanmustir (45).
Sonug olarak karar agacinda kullanmak igin 20.000 piksellik (10.000 yag, 10.000 et) bir veri seti olusturulmustur. Karar
agaci; alinan goriintiilerdeki piksellerin spektral verilerine dayanarak etin yaghh mi yagsiz m1 oldugunu belirlemek
amaciyla olugturulmustur. Son olarak tiim 6rnekler; geleneksel degerlendirme yontemi (46) ile 25 farkli kisi tarafindan
degerlendirilmistir. Hiperspektral goriintiilerin  degerlendirilmesi ve geleneksel degerlendirme yontemi ile
derecelendirilen 6rnekler karsilastirildiginda elde edilen verilerin istatistiksel bir fark olusturmadig1 goriilmiistiir. Bu
nedenle; et mermerlesmesinin derecelendirilmesinde karar agacina dayali degerlendirme sisteminin; hizli, makine
ogrenmesi yolu ile gelistirilebilir ve yiiksek dogruluk oranina sahip oldugu sonucuna varilmaistur.

Gagaoua ve ark. (47), karar agaci temelli 0grenme yontemi kullanarak karkas o&zelliklerinin tahmin
edilebilirligini arastirmiglardir. Calismada farkli irklardan (Charolais n=116, Salers n=93, Limousin n=74, Blond
d’Aquitaine n=25) 308 sigir kullanilmigtir. Kullanilan sigirlar; 10 farkli yetistirme faktorii kullanilarak karakterize
edilmistir. Bu faktorler sirasiyla; kesim yasi (ay), besi siiresi (giin), besi baslangicindaki canli agirlik (kg), besi sonu
canli agirlik (kg), giinliik kuru madde alimi (KM; kg/giin), kaba yem ve konsantre yem oranlari (rasyondaki KM
oranlar), glinliik enerji alimi (Mcal/giin), besi dénemindeki ortalama giinliikk canli agirlik artisi, besleme verimliligi
(glinliik canlt agirlik artisi/glinliik kuru madde alimi) olarak belirlenmistir. Calismada kesim sonrasi 2-4 °C’de 24 saat
bekletilen karkaslarin M. longissimus thoracis kasi ¢ikartilmistir. Kasin gevresini saran bag doku diseke edilmis ve
kalan kas 2 cm kalinliginda dilimlenmistir. Kesilen her bir dilim plastik vakumlu paketlere alinip 14 giin 4°C’de
olgunlagtirilmistir. Olgunlastirma sonrasinda -20°C’de dondurulmustur. Karkaslar AB karkas siniflandirma kriterlerine
gore siniflandirilmiglardir (EU Commission Regulation EC 1249/2008, EUROP). Bu kriterlere gore karkaslar E (¢ok
kasl1) harfinden P harfine dogru (az kasl) 5 farkli tipte derecelendirilmislerdir. Ayrica yaghlik i¢in de 1°den (yagsiz)
5’e (cok yaglh) kadar bir numara verilmistir. Karkas kompozisyonunun hesaplanabilmesi i¢in; kas/karkas orani,
yag/karkas oram ve kemik/karkas orani belirlenmistir. Etin gevrekliginin belirlenebilmesi i¢in; 14 giin olgunlastirilip -
20°C’de saklanan etler pisirilmeden 48 saat dnce 5°C’lik sogutuculara alinip ¢ézdiirilmiistiir. Etler 300°C’ye 1sitilmig
1zgara lizerine konmus ve 2 dakika siireyle merkezi 1silar1 55°C’ye ¢ikana kadar pisirilmistir. Tadim ve skorlama i¢in
pisirilen etler 12 degerlendiriciye sunulmustur. Skorlama 0 (asir1 sert) ile 10 (asir1 yumusak) arasinda puan verilerek
yapilmigtir. Alinan veriler SAS v. 9.4 (SAS Institute Inc. Cary, NY, ABD) ve XLSTAT 2017.19.6 (AddinSoft, Paris,
Fransa) yazilim programlar1 kullamilarak analiz edilmistir. Ogrenme araglari olarak; hiyerarsik kiime analizleri
(hierarchical cluster analysis, HCA), k-ortalamalar1 (k-means) ve k-medoids kiimeleme algoritmalar1 kullanilmustir.
Olgiilen gevreklik puanlarinin; Z puanlar hesaplanarak herhangi bir kiimeleme analizi yapilmadan énce ortalamalari
alinmigtir. Bu ortalamalar; irk veya deneyden bagimsiz olarak ortalamanin kargilik geldigi hayvanda her bir 6zellik iin
yapilan gozlemin sapmasini temsil etmektedir. K-ortalamalari, bir veri kiimesini otomatik olarak k kiimelerine bolmek
i¢in kullanilan yinelemeli bir kiimele yéntemidir. Bu algoritma iki ayr1 asamadan olusmaktadir. Tk asama; her kiime
icin bir tane k merkez noktasi tanimlanmasidir. Ikinci asamay; veri kiimesine ait her noktay1 alip en yakin merkezi deger
ile iligkilendirmektir. Hiyerarsik kiime analizi ise; veriler arasinda bir hiyerarsi olusturarak veri kiimesinden ikili bir
agac olusturmay1 saglamaktadir. Hiyerarsik kiime analizi, veriler arasindaki benzerligi veya farkliligis 6lgmeye dayali
bir sekilde gruplar homojen ya da harici olarak izole edilmis olarak siniflandirmaya olanak saglamaktadir. Yapilan
kiimelemelerin sonuglarinin dogrulanmasi igin siluet genisligi (Si) kriteri kullanilmigtir. S; degeri -1 ile +1 arasinda
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degisen bir degerdir. Si degerinin 1’e yaklagmasi gozlemlerin iyi kiimelendigini, 0’a yaklagmasi gdzlemlerin iki kiime
arasinda bulundugunu, -1’e yaklagmasi ise gozlemlerin muhtemelen yanlis kiimelere boliindiigiinii gostermektedir.
Daha sonra siniflandirma analizlerinin yapilabilmesi i¢in; besi donemi 6zellikleri, karkas 6zellikleri veya her ikisinin
de kullamlmasiyla, CHAID, CART ve QUEST yontemlerinden yararlanilarak farkli karar agaglar olusturulmus ve k-
ortalamalar1 tahmin edilmeye c¢alisilmistir. Calismada en iyi sonuclar CART yonteminden elde edilmistir. Calisma
sonucunda farkli yetistirme faktorlerinin ve karkas 6zelliklerinin karar agacglarinda giivenilir ve uygulanabilir oldugu
belirlenmistir.

Ekiz ve ark., (48) yaptiklar1 ¢alismada; oglak karkaslarinda doku kompozisyonunun degerlendirilmesinde,
klasik asamal1 regresyon (step-wise regression, SWR) analizi ile CHAID algoritmas1 (karar agaci) ve yapay sinir ag1
(artificial neutral network, ANN) yontemlerini karsilagtirmislardir. Bu amagla; 57 bas oglak kullanilmigtir. Tahmin
degiskeni olarak kesim dncesi agirligi, sicak karkas agirligi, karaciger agirligl, omental yag agirligi, bos viicut agirligs,
soguk karkas agirligi, karkas uzunlugu, bacak uzunlugu, gégiis genisligi, gogiis derinligi, gdgiis ¢evresi, but genisligi,
but ¢evresi, internal karkas uzunlugu, arka bacak uzunlugu dl¢iilmiistiir. Ayrica; sicak karkas agirliginin internal karkas
uzunluguna orani hesaplanarak karkas kompaktligi, bacak uzunlugunun arka bacak uzunluguna oram belirlenerek arka
bacak kompakthigi, gogiis genisliginin gogiis derinligine orani hesaplanarak gogiis kafesi yuvarlaklik indeksi
belirlenmistir. Ayrica son torasik vertabra ile ilk lumbar vertebra arasinda yer alan longissimus dorsi kasinin kesit alani
Olciilmiistiir. Yapay sinir agi, karar agac1 ve klasik ¢oklu regresyon analizleri ile karkas dokusu kompozisyonunun
tahmini i¢in analizler yapilmustir. Karar agaci algoritmasi SPSS Modeler v.18. kullanilarak tasarlanmistir. {1k analizde;
kas, kemik, deri alt1 yag, kaslar aras1 yag veya toplam yag oranlarini tahmin eden en iyi karar agact modelini belirlemek
icin CHAID ve CART algoritmalar1 karsilagtirilmistir. Karar agacinda kullanmak iizere CHAID algoritmasinin
kullanilmasinin uygun olacagi belirlenmistir. Calisma sonunda kas oranini en iyi tahmin eden sistemin yapay sinir agi
oldugu ortaya konmustur. Kemik orani agisindan karar agaci ve yapay sinir aginin benzer sonuglar verdigi tespit edilmis
klasik regresyon modelinin diisiik R? degerlerine sahip oldugu bulunmustur.

Tamura ve ark. (49), sigirlarin davraniglari ile ivme Slger sensorlerden elde edilen veriler arasindaki iligkiyi
incelemislerdir. Bu amagla; 38 bas sigira ii¢ eksenli ivme 6lgerler takilmistir. fvme 6lgerden alinan sinyal verilerinden;
yem yeme, gevis getirme ve yatma davranislari i¢in ayr ayr veri setleri olusturulmustur. Tespit edilen her bir deger
igin; ileri geri, yukar1 asagi ve saga sola hareketlerin birlesimi olan {i¢ boyutlu hareketler i¢cin skalar deger
hesaplanmistir. Esik degerlerin hesaplanabilmesi igin yem yeme, gevig getirme ve yatma aktiviteleri seviyesi ile
olugturulan veri seti kullanilarak karar agaci 6grenmesi yapilmistir. Karar agaci olusturulurken CART algoritmasi (11)
kullanilmigtir. Ciftliklerden alinan veri setleri, olusturulan karar agacina uygulandiginda tiim verilerin dogru
siiflandirtldigy, duyarlilik ve 6zgiilligiin %100 oldugu belirlenmistir. Calisma sonucunda ineklerin boynuna takilan
iic eksenli ivme Olcer ile yem yeme, gevis getirme ve yatma davranislarinin simiflandirilmasi, seviyesi ve
varyasyonlarinin makine 6grenmesi ve karar agaclari ile belirlenebilecegi ortaya konulmustur. Bu yontemin ileride siit
inegi yetistiriciliginde siirii idaresi i¢in 6nemli ve faydali bir ara¢ oldugu ortaya konulmustur.

Piwczynski ve ark. (50), otomatik sagim sistemi kullanilan isletmelerde karar agaglar kullanarak siit
verimlerinin tahmin edilebilirligini aragtirmislardir. Bu amagla; sagim robotu kullanilan 27 siit inegi isletmesinden
toplam 3778 bas inekten veri alinmistir. 2011 ile 2014 yillar1 arasinda dogum yapan ineklerin ardigik siit verimleri
analiz edilmistir. Siit verimini etkileyen faktorleri; laktasyon sayisi, buzagilama yasi, sagildig ay, dogurdugu yil, sagim
durumu, buzagilama ve sagim mevsimi, mevsim durumu, laktasyon ayi, barmak tipi, altlik materyali, sagim siklig1,
sagim hizi, sagilan meme lobu sayisi, sagim robotu bagina diisen inek yogunlugu olarak belirlenmistir. Belirlenen bu
faktorlerin siit verimi lizerindeki olas1 etkileri karar agaglar kullanilarak analiz edilmistir. Kullanilan 36.005 verinin
%601 6grenme veri seti, %40°1 ise test veri seti olarak kullanilmistir. Agacin son diiglimii/dalinin boyutunun 30
gozlemden az olmamasi, derinliginin (dallarin sayisi) ise 5’ten derin olmayacagi varsayilmistir. Bu varsayimla karar
agact; minimum sayida 6rnek (30 inek) veya maksimum sayida boliim (5 inek) elde edilene kadar bolinmiistiir. Test
veri seti igindeki rastgele iligkileri yansitan verilerin hatali olarak G6grenme veri setine asiri uyum gostermesini
onleyebilmek igin yaprak boyutu ve derinligi i¢in kriterler belirlenmistir. Test edilen degisken olan siit veriminin
stireklilik arz eden bir 6zellikte olmasi nedeniyle F testi istatistigi ve varyans azaltma olmak tizere iki farkli bolme
kriteri kullanilmistir. Belirtilen bu bolme kriterlerine gore karar agact modellerinin ortalama kare hatasina dayali olarak
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yiiksek siit verimini tahmin etme kalitesi arastirilmistir. Calisma sonunda karar agaglar robotik sagim sistemine sahip
olan isletmelerde siit verimini etkileyen en 6nemli faktdrleri onem sirasina gore; sagim siklig1, bir sonraki laktasyon,
sagimin yapildig1 ay ve altik/yatak tipi olarak belirlemistir. Ayrica yine karar agact yontemi ile bahsedilen faktorler
arasinda bir¢ok interaksiyon oldugu ortaya konulmustur. Karar agaclar1 yonteminin; yetistiricinin sahip oldugu siiriiniin
maksimum siit iiretimini saglamasi, gevresel faktor ve parametrelerin belirlenmesi ve kontrol altinda tutulmasina olanak
verecegi belirtilmistir. Elde edilen veriler sagim siiresinin sagim iizerinde dnemli bir etkisi oldugunu gostermektedir.
Bu nedenle sagim siiresinin se¢im kriterlerine alinmasi gerektigi belirtilmistir. Karar agaglari; barinak kosullarinin
Onemini de ortaya koymustur. Elde edilen sonuglara gore; sig duraklarin siit verimini azalttig1 bildirilmistir. Derin
yatakli duraklarin verimler yoniinden yararli oldugu belirlenmistir. Bu veriyi dogrulamak ve ¢evresel faktorleri elimine
etmek icin ¢evresel faktdrlerden bagimsiz olarak ¢alismanin farkl: siiriilerde yapilmasi gerektigi bildirilmistir.

Pascottini ve ark., (51), yaptiklar aragtirmada ineklerde karar agaglarindan yararlanarak geg¢is donemi kosullari
ve hastaliklarin fertilite ile iligkilerini degerlendirmeyi amaglamiglardir. Makine 6grenmesi yontemleri; mastitis kontrol
programlari (52), 6strus belirleme (53, 54), tireme takibi (55, 56) vb. gibi degerlendirmelerde siit inegi siirii yonetim
programlarinda kullanim alani bulmaktadirlar. Makine 6grenmesi veya karar agaclarinin kullanilmasinin; siit inegi
yetistiriciliginde biiyiikk 6nem tasiyan gecis donemi hastaliklari ile ¢ok sayida farkli faktoriin interaksiyonunun
belirlenmesinde yardimei olabilecegi diistiniilmektedir. Bu baglamda yapilan ¢alismada; gecis donemi hastaliklari ile
karmagik olmayan, karmagik ve toplam ge¢is donemi hastaliklarinin kisa donem (sagilan giin sayis1 120’ye kadar) ve
uzun dénem (sagilan giin sayis1 210’a kadar) dol tutmama riski ile iligkisinin arastirilmasi amaglanmistir. Bu amagla;
konvansiyonel Kaplan-Meier ve Cox orantisal modelleme ile karar agaci ve makine 6grenmesi ydntemleri
kullanilmistir. Calismada toplam 2450 inege ait veri islenmistir. Karar agaci; tekil, karmagsik ve toplam gecis donemi
hastaliklar1, buzagilama mevsimi, parite (primipar veya multipar) ve ilk 60 giinliik siit verimi (diisiik veya yiiksek)
verileri kullanilarak olusturulmustur. Calisma sonunda konvansiyonel yontem ve karar agaci yoOntemi
karsilastirildiginda sonuglarin benzer oldugu belirlenmistir. Ancak makine Ogrenmesinin 6zellikle ¢ok sayida
degiskenin kullanildig1 ya da eksik degerlerin bulundugu konvansiyonel yontemin uygulanmasinin ¢ok miimkiin
olmadig1 durumlarda daha gegerli bir yaklasim oldugu sonucuna varilmigtir.

Romero ve ark. (57) yaptiklar1 calismada; sigir tiiberkiilozis hastaliginin kontroliinde karar agaglarimin
kullanimini aragtirmislardir. Sigir siiriilerinde tiiberkiilozis i¢in risk faktorlerinin belirlenmesi hastaligin kontrolii i¢in
biiyiik 6nem tagimaktadir. Bu risk faktérlerinin ortaya konulmasinda makine 6grenmesi ve karar agaglari yontemlerinin
kullanilmast ile hastaligin etiyolojisinde yer alan ve dogrusal olmayan bir¢ok iliski ve etkilesim ortaya ¢ikartilabilir.
Calismada 2016 yilinda Ingiltere’de bulunan sigir isletmelerinden alinan; siiriilerin demografik &zellikleri, kayit
sisteminde bulunan tiiberkiilozis ge¢misleri, hayvan hareketleri, iklim degisiklikleri, yaban hayvam varligi, arazi
simiflandirma verileri kullanilmigtir. Veriler ArcMap (ESRI) yazilim programi kullamlarak siirii diizeyinde
diizenlenmistir. Karar agaci algoritmasinin hizim1 ve performansini iyilestirmek i¢in 6nemli olmayan degiskenler
cikartilmigtir. Bu amagla; her bir tahmin edici veri (predictor) ile sonug arasinda tek degiskenli lojistik regresyon analizi
yapilmig ve p>0.1 olan degiskenler ¢gikartilmistir (58). 0.79 un iizerinde bir korelasyon katsayist ile yiiksek korelasyona
sahip degiskenler belirlenmistir (59). Yiiksek korelasyon katsayisina sahip ¢iftler arasindan, bu tahmin edici veri ile
diger tiim degiskenler arasinda en diisiik ortalama korelasyona sahip olan predictor segilmistir (60). Yiiksek oranda
korelasyona sahip olan ve olmayan se¢ilmis degiskenlerden veri setleri olusturulmusgtur. Sifira yakin varyasyon
degerine sahip predictorler ¢ikartilmigtir. Karar agact modeli CART algoritmasi kullanilarak gelistirilmistir (61).
Calismada 52.668 sig1r siiriisiinden gelen veri islenmistir. Toplam 65 predictor kullanilmistir. 2016 yilinda ingiltere’de
sigirlarda goriilen tiiberkiilozis hastali§inin insidensini belirlemek i¢in 13 diigiim i¢eren bir karar agaci olugturulmustur.
Yiiksek riskli alanlarin belirlenmesi igin ise 19 diigiimden olusan bir karar agaci olusturulmustur. Caligma sonunda
tiiberkdilozis ile iligkili risk faktorlerinin farkli prevalansa sahip alanlarda hastaligin olusumuna etkisini belirlemede
geleneksel tiiberkiilozis analizlerine oranla karar agaglarimin kullanilmasinin daha basarili sonuglar verdigi ortaya
konulmustur.

Tyasi ve ark., (62) yaptiklar arastirmada; CART, CHAID ve kapsamli CHAID algoritmalari ile karar agaci
modeli kullamlarak, tavuklarin morfolojik 6zelliklerine gore canlt agirliklarinin tahmin edilebilirligini arastirmistir.
Calismada; kanat uzunlugu, omurga uzunlugu, incik uzunlugu, gégiis ¢evresi, gaga uzunlugu, viicut uzunlugu, ayak
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parmagi uzunlugu, viicut ¢evresi, sirt uzunlugu, incik ¢evresi ve kanat agikligi dlgiilerek veri setleri olusturulmustur.
Daha sonra bu veriler; CART, CHAID ve kapsamli CHAID algoritmalari ile karar agact modeli kullamlarak
degerlendirilmis ve karsilastirilmistir. Test edilen algoritmalar i¢erisinde CART algoritmasinin canli agirlik tahmininde
dogruluk oranmi en yiiksek algoritma oldugu belirlenmistir. Calisma sonunda CART algoritmas: kullanilarak en agir
tavuklart iireten morfolojik ozellikler belirlenmistir. Bu 6zellikler gozetilerek tavuk yetistiriciligi yapilmasinin
onerilebilecegi belirtilmistir.

Zhao ve Xue, (63), bazt miRNA’larin hedef tahmini i¢in karar agaglarinin kullanilabilirligini arasgtirmislardir.
miRNA hedef belirleyicisi olarak; miranda (64), MIRDB (65) ve PITA isimli makine 6grenmesi ile iliskili tahmin
ediciler kullanilmigtir. Calisma sonucunda bireysel tahmin edici uygulamalara oranla, ¢oklu esikli karar agaglarinin en
az ylizde otuz daha basarili oldugu belirlenmistir.

Swain ve ark. (66), tek bir tiirii dogru olarak tanimlayabilmek icin evrimsel olarak iligkili birkac tiirde
kullanilabilecek SNP barkodu dizilerinin {iretilmesinde karar agaglarinin kullanilabilirligini arastirmiglardir. Bu
amacla; 64 adet Anopheles tiirii sivrisinegin mitokondriyal sitokrom oksidaz T (COI) geni analiz edilmis ve toplam 32
adet SNP belirlenmistir. Bu ¢alismada ilk olarak; farkli Anopheles tirlerinden 64 COI dizisi NCBI Gen Bankasi
kullanilarak belirlenmistir. Belirlenen dizilerin uzunluklarindaki degisikliklerden dolay1 belirlenen tiim COI dizileri,
MEGA X yaziliminda Clustal W uygulamasi (67) kullanilarak hizalanmistir. Ayrica aym dizi uzunlugunu
saglayabilmek igin 5> ve 3’ uglar kisaltllmugtir. Ikinci asama olarak; aym uzunluktaki M niikleotidlerine sahip N
tiirlerinin hizalanmis dizilerinden olugan X destek verilerinin ifadesi formiile edilmistir. Karar agaci tabanl barkodlama
algoritmasi ile 64 Anopheles sivrisinek tiiriinii ayirt edebilmek i¢in 127 diigtim ve 32 lokus tiretilmistir. 64 tiir i¢in ilgili
dizi etiketleri karar agaci algoritmasina dayali olarak tanimlanmistir ve agac ¢izilmistir. Karar agaci algoritmasi ile
iiretilen tiire 6zgii COI SNP’leri daha sonra bir boyutlu barkod desenlerine doniistiiriilmiistiir. Sonug olarak karar agaci
algoritmasinin Anopheles sivrisinek tiirlerinin ayrimi ve tamimlanmasi amaciyla kullanilan dizilerin etiketlerini
olusturmak i¢in etkili bir yontem oldugu ortaya konulmustur.

4. Sonug

Veri madenciliginin veteriner hekimligi alaninda kullanimi, sunulacak hizmetlerin daha etkin olmasini ve
kaynaklarin daha verimli kullanilmasint saglamasi yoniinden 6nem arz etmektedir. Derlemenin konusu olan ve veri
madenciligi yontemlerinden biri olup karar verme mekanizmalarinda 6ne ¢ikan karar agaglar ivme kazanan bir sekilde
uygulama alan1 bulmaktadir.

Bu derleme ile deginilen bilgiler; karar agaclarmin 6zellikle; veteriner hekimligi alaninda teshis bakimindan
farkl hastalik belirtileri ile hasta sahiplerine bilgi vermek, erken miidahale gerektiren durumlar ile tedavi degisiklikleri,
kanatli mortaliteleri diizeyleri, 1slah programlari, mastitis gibi ekonomik 6nemi olan hastaliklarin belirlenmesi, teshis
modeli gelistirme ve tedavi stratejilerinin etkin hale getirilmesi, genomik veriler kullanarak hayvanlarin kimlik teyidi
caligmalari, farkli parametreler agisindan et kalitesi degerlendirmesi, miRNA’larin hedef tahmini, hayvan davramslari,
tdr tayini, ekonomik énemi olan verim dzelliklerinin tahmini gibi birgok alanda kullanilabildigi ve kullanilabilecegi
hususunda bilgi birikimine katki sunmaktadir. Oyle ki; isaret edilen ve veteriner hekimligi alaninda degerlendirilen
daha ¢ok teshis koyma amaciyla kullanilan farkli karar agaci algoritmalar1 giintimiizde bilimsel arenada da izerinde
durulan konular olarak giincelligini korumaktadir.

Buradan hareketle; bilimsel arenada ulagilabilen literatiirler 6zelinde degerlendirilen karar agaglari ve veteriner
hekimligi alaninda karar agac¢larinin kullaniminin konu hakkinda yapilan ¢aligmalara temel dayanak olusturacagi ve
fikir vermesi a¢isindan da anlamli olacagi dngoriilmiistiir.
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OzET

Bu ¢aligmanin amaci; Tiirkiye’de ve Dinya’da aricilik sektoriinde yer alan igletmelerde aricilik triinlerinin tiretim
asamasindan pazarlama asamasina kadar gegen siiregte karsilastiklari risk faktorlerinin incelenmesidir. Aricilik sektori,
doga olaylarina daha hassas olmasi sebebiyle hayvanciligin diger alt sektorlerine kiyasla kiiresel 1sinma ve iklim
degisikliginden daha fazla etkilenmektedir. Bu yiizden, kiiresel 1sinma ve iklim degisikliginin aricilik sektorii igin bir risk
faktorii oldugu soylenebilir. Aricilik sektoriinde bu risk faktoriiniin diginda birgok risk faktorii mevcuttur. Bu risk
faktorleri hastalik ve zararlilar, ana ari, pestisit kullanimi, hirsizlik ve kovan c¢alinmasi kaynakl risk faktorleri olarak
siralanabilir. Ayrica aricilik sektoriinii olumsuz etkileyen finansal, ekonomik ve pazarlama kaynakl risk faktorleri de
mevcuttur. Incelenen bu risk faktorleri aricilik sektériinde siirdiiriilebilirligi tehdit etmektedir. Bu nedenle bu risk
faktorlerine karst 6nlemler alinmalidir. Ureticiler bu 6nlemleri alirken risk faktorlerini dogru bir sekilde analiz etmelidir.
Sigorta, ariciligin daha profesyonel hale gelmesi igin tireticilere verilecek egitimler, kooperatiflerin arttirilarak tireticil ere
daha fazla destek verilmesi gibi unsurlar bu risk faktorlerini azaltabilecek veya ortadan kaldirabilecek onerilerdir. Bu
sayede aricilik sektoriini siirdiiriilebilir kilmak miimkiin olacaktir.

Investigation of risk factors in the beekeeping sector

ABSTRACT

The objective of this study is to examine the risk factors of beekeeping products in the process from the production stage
to the marketing stage in the enterprises in the beekeeping sector in Turkey and in the World. Since the beekeeping sector
is more sensitive to natural events, it is more affected by global warming and climate change than other animal husbandry
sub-sectors. Therefore, global warming and climate change are risk factors for the beekeeping sector. In the beekeeping
sector, there are many risk factors apart from this risk factor. These risk factors can be examined as risk factors arising
from diseases and pests, queen bees, pesticide use, theft and hive theft. There are also financial, economic and marketing-
related risk factors that negatively affect the beekeeping sector. These examined risk factors threaten sustainability in the
beekeeping sector. Therefore, precautions should be taken against these risk factors. Producers should analyze risk factors
accurately when taking these precautions. Factors such as insurance, trainings to be given to producers to make
beekeeping more professional, more support to producers by increasing cooperatives are suggestions that can reduce or
eliminate these risk factors. In this way, it will be possible to make the beekeeping sector sustainable.

How to cite this article: Varalan A, Cevrimli MB. Aricilik sektoriindeki risk faktorlerinin incelenmesi. Vet Hekim Der Derg 2023; 94(2):188-202. DOI:

10.33188/vetheder.1246102

* Sorumlu Yazar e-posta adresi / Corresponding Author e-mail address: alperenvaralan@atauni.edu.tr
** Bu ¢aligmanin 6zeti, 20-23 Ekim 2022 tarihinde diizenlenen IV. Ulusal Hayvancilik Ekonomisi Kongresi’nde poster bildiri olarak

sunulmustur.

Derleme Makale / Review Article


mailto:alperenvaralan@atauni.edu.tr

Vet Hekim Der Derg 94 (2): 188-201, 2023 189

1. Giris

Risk sozciigii Fransizca kokenli olan “riziko” kelimesinden gelmekte olup, Tiirk Dil Kurumu’na ait olan giincel
Tiirkge sozliikte “zarara ugrama tehlikesi” olarak tanimlanmaktadir (1).

Riskler temelde sistematik ve sistematik olmayan riskler olarak siniflandirilmaktadir. Sistematik riskler, sistem
kaynakli ve aym1 zamanda kontrol edilemeyen riskleri agiklarken; sistematik olmayan riskler ise faaliyette bulunulan
riskleri ifade etmektedir. Ancak hareketli piyasalar, artan kiiresellesme ve gelisen teknolojiler yeni risklerin ortaya
¢ikmasina neden olmustur (2). Ortaya ¢ikan yeni risklerle birlikte ¢esitlilik gosteren riskler, isletmeler i¢in her zaman
tehdit unsurudur. Bu yiizden, isletmelerin kurulus asamasindan pazarlama agsamasina kadar gerek sektorel gerek sektor
dis1 faktorler kaynakli karsilasabilecegi bu riskler iyi analiz edilmelidir. Béylece, var olan ve olabilecek risklere karsi
isletmeleri 6nceden hazir hale getirmek miimkiin olabilir.

Tiim sektorlerdeki igletmeler gibi tarim ve hayvancilik sektoriindeki isletmeler de risklerle kars1 karsiyadir.
Tarimsal ve hayvansal iiretim yapilan bu sektorde, ireticilerin kontrol altina alabildigi ya da iireticilerin kontrolii
disinda gergeklesen gesitli risk ve belirsizlikler mevcuttur. Bunlara 6rnek olarak; degisen piyasa kosullari, isletmecinin
gelecege yonelik kararlari, hiikiimetin kararlar1 gibi degiskenler verilebilir (3). Bu sektordeki isletmeler, mevcut veya
gelecekte karsilasabilecegi riskleri ¢esitli amaglara gore yonetmektedir. Bu amagclar; isletmeden elde edilen gelirin
devamlilig1, organizasyon ve finansal iyilesmenin siireklilik arz etmesidir (4).

Ana iiretim kaynagi canli sijje olan hayvancilik sektorii 6zelinde ¢esitli risklerin mevcudiyetinden bahsetmek
miimkiindiir. Riskler genel olarak incelendiginde; hayvanlardaki genetik bozukluklar, hastaliklar, isletme kosullarinin
yetersizligi, isletmede calisan bireylerdeki bilgi eksiklikleri gibi olumsuz durumlar sektérde deger kayiplari olusturan
risklere 6rnektir. Bunlar ve bunlara benzer riskler, isletmelere yiik olusturarak igletmelerin siirdiiriilebilirligini tehdit
edebilmektedir. Hayvancilik sektorii 6zelinde, isletmelerin karsilastiklar: risk faktorlerine yonelik ¢esitli ¢caligmalar
mevcuttur. Amasya’da yapilan bir ¢alismada biiyiikbag hayvancilik isletmelerinde fiyat riski ve verim riskinden olusan
faaliyet riski iireticilerin temel risk kaynagi olarak tespit edilmistir (3). Macaristan’da kiigiikbas hayvancilik
isletmelerine yonelik yapilan risk analizi ¢aligmasinda, isletmelerde finansal risk, insan riski, fiyat riski, tiretim riski ve
teknolojik riskler belirlenmistir (5). Antalya ilinde yapilan bir ¢alismada ise, bilylikbag hayvancilik sektoriindeki risk
faktorleri devlet politikasi, maliyet ve liretim riski, kisisel risk, finansman riski, ¢evresel risk, teknoloji riski olarak
incelenmigtir (6). Aricilik sektoriindeki risk analizine yonelik yapilan bir ¢aligma sonuglarinda ticari ve ekonomik
olumsuzluklar seklinde sosyopolitik riskin mevcut oldugu tespit edilmistir (7). Nijerya’da kanath hayvancilik
igletmelerinde yapilan bir calismada ise; isletmecilerin {iretim riski, teknoloji risk, finansal risk, sosyal risk, politik risk,
pazar riski gibi risklerle kars1 karsiya kaldigi bildirilmistir (8). Su iiriinleri igletmeleri 6zelinde Mugla ili Milas il¢esinde
yapilan bir ¢alismaya gore de riskler; iiretim ve isletme riskleri, finansal riskler, politik ve sosyal riskler, kisisel riskler
basliklart altinda incelenmistir (9). Biiylikbas hayvancilik isletmelerinde yapilan bir bagka ¢aligmaya gore, riskler 8
faktor altinda incelenmigtir. Bu riskler; teknoloji ve maliyet riski, {iretim ve pazarlama riski, politik ve ekonomik
riskler, veterinerlik hizmetleri ve insan kaynaklar1 kaynakli riskler, fiyat riski, arazi degeri ve sigorta riskleri, finansal
riskler, yem kithg1 ve diisiik kapasite kaynakl riskler basliklar1 altinda ifade edilmistir (10). Aricilik isletmelerine
yonelik yapilan bir bagka risk analizi ¢aligmasinda ise ekonomik, sosyal ve dogal risklerin varligindan sz edilirken;
politik, teknolojik, finansman, iiretim ve iklim kaynakl risklerle de karsilagilabilecegi ifade edilmistir (11). Konu
hakkinda yapilmis bir diger calisma ise Giineybat1 Nijerya’da gerceklesmistir. Kanatli hayvancilik isletmelerinde
yapilan ¢aligmanin sonuglarina gore risk faktorleri; finansal risk, {iretim riski ve kisisel risk olarak bildirilmistir (12).
Biiyiikbas, kiiglikbas, kanatli hayvancilik isletmeleriyle birlikte su iiriinleri ve aricilik isletmeleri 6zelinde yapilan bu
calismalarda ortak risk faktdrleri vardir. Ozellikle iiretim riski, ortak risk faktdrlerinden biri olarak tespit edilmistir.
Yine her gecen giin gelisen diinyamizda teknoloji giin gegtikge 6nem kazanmaktadir. Bu agidan; teknoloji riski de
yapilan ¢aligmalar genelinde isletmeler i¢in dikkat ¢eken ortak bir risk faktorii haline gelmistir. Ancak ortak risk
faktorlerinin mevcudiyetine ragmen isletmeleri digerlerinden daha fazla etkileyen, farkl risk faktdrleri de mevcuttur.
Ornegin; su iiriinleri yetistiriciligi yapan isletmeler icin suyun hijyeni énemli bir risk faktorii olarak tespit edilmistir
(13). Bu risk faktorii diger hayvancilik isletmeleri igin o kadar 6nemli olmayabilir. Yine aricilik igletmeleri de diger
hayvancilik isletmelerine kiyasla farkli risk faktorlerine sahiptir.
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Bu ¢aligmanin amaci; Tiirkiye’de ve Diinya’da aricilik sektoriinde yer alan igletmelerde aricilik {iriinlerinin
iiretim asamasindan pazarlama asamasina kadar gegen siiregte karsilastiklari risk faktorlerinin incelenmesidir. Bu
sayede; aricilik igletmelerinin siirdiiriilebilirliginin 6niindeki engeller tespit edilip bu engellere yonelik var olan ¢dziim
yollar1 iyilestirilebilir veya yeni ¢dziim yollar gelistirilebilir.

2. Tiirkiye’de ve Diinya’da Aricihik Sektoriindeki Mevcut Durum

Aricilik, bal ve diger aricilik iirlinleri olan ar1, balmumu, propolis, art siitii, ar1 zehri gibi {irlinlerinin {iretimini
saglamanin yan1 sira bitkilerin polinasyonunda da aktif rol oynayarak bitkisel iiretime katki vererek insanliga hizmet
eden bir liretim faaliyetidir (14-15). Aricilik, ayn1 zamanda diger hayvancilik alt sektdrlerine kiyasla daha az iggiicii
gerektirmesi ve biiyiik sermayeler istememesi gibi 6zellikleriyle de avantajli bir iiretim koludur (16).

Aricilik sektori, isletmelere ve lilkelere 6nemli faydalar saglamaktadir. Bu faydalar; mikro ve makro diizeyde
olmak tiizere iki sekilde incelenebilmektedir. Sektor, mikro diizeyde iireticiye ek veya ana gelir saglayarak fayda
olusturur. Makro diizeyde ise, iilkelerin ekonomisine dogrudan katki saglarken ayni zamanda polinasyonda aktif rol
oynayarak iiretim miktarinin ve meyve kalitesinin artirilmasini saglayarak dolayli olarak da katki vermektedir (17).

Aricilik sektoriinde iiretimin dogaya bagimliligi géz oniinde tutuldugunda; Tirkiye, gerek cografi konumu
gerek de bitkisel flora cesitliligi ile birlikte Diinya {iilkeleri arasinda avantajli bir yere sahiptir (18). Ancak Tiirkiye, bu
avantajini arili kovan sayisi ve iiretilen toplam bal miktar1 agisindan kullanmasina ragmen; kovan bagina bal verim
ortalamasinda beklenen seviyede degildir (19). Bu hususa yonelik; Tablo 1’de Tiirkiye’de 1991-2021 yillar1 arasindaki
aricilik verileri incelenirken; Tablo 2’de Diinya’da 1991-2020 yillar1 arasindaki aricilik verileri incelenmektedir (20-
21).

Tablo 1: Tiirkiye’de 1991-2021 yillar1 arasinda aricilik sektoriine iliskin veriler
Table 1: Data on the beekeeping sector in Turkey between the years 1991-2021

Kovan Bagina

Yillar Arih Kovan Endeks Efal Uretim Endeks Bal Verimi Endeks
Sayis1 (Adet) Miktar1 (Ton) .
(Kilogram)
1991 3.428.442 100,00 54.655 100,00 15,94 100,00
1996 3.964.718 115,64 62.950 115,18 15,88 99,62
2001 4.115.353 120,04 60.190 110,13 14,63 91,78
2006 4.851.683 141,51 83.842 153,40 17,28 108,41
2011 6.011.332 175,34 94.245 172,44 15,68 98,37
2016 7.900.364 230,44 105.727 193,44 13,38 83,94
2020 8.179.418 238,58 104.077 190,43 12,72 79,80
2021 8.733.394 254,73 96.344 176,28 11,03 69,20

Tablo 1 incelendiginde; Tiirkiye’de 1991-2021 yillann arasinda arili kovan sayisinda artis oldugu
gozlenmektedir. Aym yillarda Tiirkiye’deki bal {iretim miktari ise zaman zaman isletme sahipleri kaynakli, mevsim
kaynakl1 sebeplerden dolay1 azalig gosterse de genel olarak artig egiliminde olmustur. Ancak; Tiirkiye’de 1991-2021
yillar arasinda arili kovan sayisinda siirekli bir artig ve bal iiretim miktarindaki genel olarak bir artiga ragmen kovan
basina bal veriminde ayni istikrar saglanamamugtir. Tiirkiye’de arili kovan sayisinin siirekli artig gdstermesinin yaninda
ozellikle 2006 y1lindan itibaren bal tiretim miktar da stirekli artis gosterirken; kovan basina bal verimi bu yildan itibaren
stirekli azalma egilimindedir. Bu durum; bal iiretim miktarindaki artisin kovan basina bal veriminden degil de artan
arili kovan sayisindan oldugunu gostermektedir.
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Tablo 2: Diinya’da 1991-2020 yillar1 arasinda aricilik sektoriine iligkin veriler
Table 2: Data on the beekeeping sector in the World between the years 1991-2020

Kovan Basina

Yillar  AArniliKovan Endeks Bal Uretim Endeks Bal Verimi Endeks
Sayis1 (Adet) Miktari (Ton) .
(Kilogram)
1991 69.950.986 100,00 1.241.151 100,00 17,74 100,00
1996 65.990.867 94,34 1.107.733 89,25 16,79 94,61
2001 70.391.755 100,63 1.241.500 100,03 17,64 99,40
2006 75.515.692 107,96 1.506.419 121,37 19,95 112,43
2011 80.400.880 114,94 1.614.002 130,04 20,07 113,14
2016 90.183.346 128,92 1.871.398 150,78 20,75 116,95
%2020 93.999.656 134,38 1.770.119 142,62 18,83 106,13

*Diinya 2021 yili aricilik verileri temin edilemediginden en son 2020 yili ele alinmistir.

Tablo 2°de ise; Diinya’da 1991-2020 yillar1 arasinda arili kovan sayisi, bal {iretim miktar1 ve kovan basina bal
veriminde genel olarak artis gézlenmistir. Ozellikle kovan bagina bal verimi; Tablo 1°de ve Tablo 2’de karsilastirmalt
olarak incelenecek olursa Tiirkiye’nin kovan bagina bal verimin Diinya ortalamasinin altinda kaldigi tespit edilmistir.
Diinya’da 2016-2020 yillar1 disinda 2006 yilindan itibaren 5'er yillik incelemelerde artan kovan basina bal verimliligine
ragmen Tiirkiye’deki kovan bagsma bal verimliliginin 2006 yilindan itibaren siirekli azalig gostermesi dikkat
¢ekmektedir.

3. Tiirkiye’de ve Diinya’da Aricilik Sektoriindeki Risk Faktorleri

Aricilik sektoriinde mevcut verimi etkileyen ¢esitli risk ve belirsizlikler vardir. Var olan bu riskler, aricilik
sektoriinii tehdit ederek sektoriin siirdiiriilebilirligini olumsuz etkilemektedir. Aricilik sektorii; bitylikbas hayvancilik
sektorii, kiigiikbas hayvancilik sektorii basta olmak tizere hayvanciligin diger alt sektorlerinden farkli olarak {iretimi
bitki varligina bagli olmasinin yaninda ayni zamanda iklim sartlarina da duyarli bir hayvancilik faaliyeti olmasi
sebebiyle kiiresel 1sinma ve iklim degisikligi aricilik sektorii icin dnemli bir risk faktoriidiir (22). Bu risk faktoriiniin
yani sira ar1 hastalik ve zararlilari ile yanlis miicadele yontemleri, bolgeye uygun ar1 irkinin kullamlmamasi ve zirai
miicadelede kullanilan ilaglar gibi birden ¢ok risk faktoriinden bahsedebilmek miimkiindiir (11). Siirdiiriilebilir bir
aricilik i¢in, mevcut risk ve belirsizlikler belirlenerek, buna yonelik 6nlemler alinmalidir.

Ozellikle kiiresel 1sinma ve iklim degisikligi, bu sektorii direk etkileyen risk faktorlerinin basinda gelmektedir.
Yillar gectikge onemini ve giincelligini koruyan bir konu olan kiiresel 1sinma ve iklim degisikliginin aricilik sektoriine
etkileri konusunda ¢esitli calismalar asagida ilgili baslikta incelenmistir.

Kiiresel 1sinma ve iklim degisikligi kaynakl risk faktorleri

Kiiresel 1sinmamn neden oldugu kiiresel ikim degisikligi; deniz seviyesinin ylikselmesi, buzullarin erimesi,
tatli su kaynaklarinin kurumasi ve dahasi canlilarin yok olmasina kadar birtakim olumsuzluklara sebep olmaktadir (34).
Bu durum ekonomik bir faaliyet olan aricilik sektoriine ulusal ve uluslararasi ticarette dnemli bir faktor olan tiretimin
degisiklik gostermesine sebebiyet vererek yansimaktadir (30).

Kiiresel 1sinma ve iklim degisikligi, ekonomik olarak 6nemli bir gelir kaynagi olan bal arilarinin fizyolojisini
ve davramsini degistirerek gelisim déngiilerini etkileyebilmektedir. Tklim degisikliginin bal arilar1 iizerindeki etkisi
farkli seviyelerdedir (23). Yapilan aragtirmalara gore; arilar, ekolojik hayatta ortam 1sistnin 29-33 ©C referans
aralifinda oldukga aktif olmasina ragmen; ortam 1siin 10 °C altinda veya 37 ©C iistiinde duragandir (35). Adapte
oldugu sicakliktan daha yiiksek bir sicaklikla karsilasan arilar, bu sicakliktan kaginmaya c¢alismaktadir. Arilarin
kacinma sirasindaki sergiledigi davraniglar polinasyonu etkileyebilmektedir. Bal arilar1 viicut 1sisinda dengeyi
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saglamak i¢in bir zaman harcamaktadir. Harcanan bu siire ayn1 zamanda yiyecek arama maliyetine karsilik gelmektedir.
Onemli bir tozlayict olan bal arilarinin asir1 1snma riskiyle karsi karsiya kaldigi durumlarda enerji rezervlerini
biriktirme ve koloni yonetme 6zellikleri dnemli dl¢iide baskilanmaktadir. Bunun sonucunda; popiilasyondaki bal arilari,
depodaki stoklarini oldukc¢a hizli tiiketmektedir. Bu durum; kolonilerin agliktan 6lmesine neden olabilmektir (24).
Yapilan bir ¢aligmada kis sicakliklarinin an tiirlerinin canl agirligina etkisi ve arilarin gelisimleri iizerindeki etkisi
incelenmistir. Calismada 9 adet an tiirii kullanilmistir. Sonuglar incelendiginde, kigslama sicakliklan diisiik olan aylarda
arilarin 6liim oraninin etkilenmedigi gézlenirken; artan kislama sicakligi ile birlikte arilarin kovandan ¢ikis tarihinin ve
agirliklarinin etkilendigi gozlenmistir. Artan kis sicakliklar; tiirlerin ¢ogu i¢in kilo kaybina neden olmaktadir. Kilo
kaybindaki bu artisin sebebinin ise yiiksek metabolik hiz ve enerji kaybi oldugu tahmin edilmektedir (25). Yine
Ispanya’da yapilan bir ¢alismada; olduk¢a kurak gegen ve daha uzun bir yaz donemi yasanan 2017 yilinda
cigeklenmenin kisaldig1 ve arilarin depo rezerv olanaklarinin azaldigi ortaya ¢ikmistir. Ayrica yapilan bu ¢alisma, 2017
yilt ig¢in CCD (Koloni Cokiis Bozuklugu) hastaligindaki artisin bu sebepten kaynaklanabilecegini gostermistir (29).
Yine, Mugla’da 2021 yilinda bir 6nceki yila oranla bal iiretim miktar1 %37,4 oraninda azalma gostermistir. Bal {iretim
miktarindaki bu azalmanin sebebi, ¢am bal1 liretimi i¢in ihtiya¢ duyulan bir bocek olan kosnil boceklerinin azalmasidir.
Kosnil boceklerinin azalmasina sebep olan durumlar ise, iklimsel olumsuzluklar ve ayni yil b6lgede meydana gelen
orman yanginlaridir (17).

Kiiresel 1sinma ve iklim degisikliginin bal verimine etkisi konusunda da gesitli ¢aligmalar mevcuttur. Yapilan
bir ¢aligmanin sonuglar incelendiginde, sicaklik artiginin bal verimini azalttig1 sonucuna ulagilirken (36); yapilan bagka
bir ¢alismada ise son déonemde artan koloni sayisina ragmen bal iiretiminin azalmasinin sebebinin ¢evresel kirleticiler
ve kiiresel iklim degisikligi oldugu ileri siiriilmiistiir (37).

Hastalik ve zararhlar kaynakl risk faktorleri

Tiirkiye’de ve Diinya iizerindeki iilkeler i¢in ariciliktaki hastalik ve zararlilar ciddi koloni kayiplarina neden
olmaktadir. Ortaya ¢ikan koloni kayiplari ise isletmeler i¢in ekonomik yiik olusturmaktadir (38).

Tiirkiye’de yapilan gesitli ¢aligmalarin sonuglarina gore; yetistiricilerin en fazla karsilastiklar1 zararl Varroa
destructor olarak tespit edilirken; bu ¢calismalarda yetistiricilerin en ¢ok karsilastiklart hastaliklari ise yavru ¢iiriikligii,
kireg hastaligi, Nosema hastalig1 olarak siralamak miimkiindiir (39-44). Ayrica yapilan bir ¢alismanin sonuglarina gore;
yetistiricilerin an kuslari, yaban arilari, ayilar gibi ¢esitli zarar vericilerden de muzdarip oldugu sonucu elde edilmistir
(42).

Amerika Birlesik Devletleri (ABD)’nde yapilan bir ¢alismada; son yillarda artan koloni kayiplarinin sebebi
olarak CCD gosterilirken; Dogu ABD’de yapilan bir calismada ise, Varroa akarlar1 ve Nosema sporlarina ek olarak
genelde bilinmeyen bir kulugka sendromu olan Idiopatik Kulucka Hastalig1 Sendromu (IKHS) *nun koloni kayiplarini
3.8 kat arttirdig1 sonucu elde edilmistir (45-46). Ispanya’da yapilan bir calismada ise Nosema ceranae’ nin varh
dikkat cekicidir (47). Ayrica, Kuzey Bati Ispanya’da yapilan bir baska calismanin sonuglarina goére de Nosema
ceranae’nin varligi dikkat ¢ekici olmustur (48). Yapilan bir ¢alismada; Nosema ceranae’ ya maruz kalan kolonilerde,
maruziyet yasamayan kolonilere gore niifus azalmasmin 10 kat daha fazla oldugu tespit edilmistir (47). Avrupa
kitasinda ise yavru kayiplarina yonelik yapilan bir arastirmanin sonuglari kayiplarin iki ana sebebinin Amerika Yavru
Ciiriikliigii ve Avrupa Yavru Ciiriikligi hastaligindan kaynaklandigim gostermektedir (49).

Ana ar1 kaynakh risk faktorleri

Geng anali ar1 koloniler, aricilikta daha fazla bal {retiminin yaninda saglikli koloni olarak
degerlendirilmektedir. Ana arilarin 2 yagindan sonraki hayatinda yumurtlama kapasitesi azalmaktadir ve dolayisiyla da
kovanlarin verimliligi azalmaktadir. Yumurtlama kapasitesi azalan ana arinin bulundugu kolonilerde bu azalmayla
dogru oranda is¢i ar1 sayis1 azalmaktadir. Birbirini takip eden bu durumlar; kovandaki erkek ar1 sayisinin artmasina ve
tarlac1 an popiilasyonunun azalmasina sebep olmaktadir (50). Bu noktada iireticilerin geng ve kaliteli ana ar1 kullanma
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aligkanliklarinin olmamasi 6ne ¢ikan bir risk faktorii olarak incelenebilmektedir (51). Kolonideki ana arilarin yasgl,
verimsiz veya hastalia duyarli olmasi 6zellikle erken ilkbahar ve yaz aylarindaki koloni kayiplari i¢in bir sebeptir (52).

Tiirkiye’de ana ar yasinin bal arist kolonilerine etkisini incelemek amaciyla yapilan bir ¢alismada, yash ana
arilarin bulundugu kolonilere kiyasla gen¢ ana arilarin kullanildig1 kolonilerde kislama yetenegi ve hayatta kalma
oranlar1 daha iyi bulunmustur. Bu duruma ek olarak; gen¢ ana arilar tarafindan yonetilen kolonilerde, Tiirkiye
ortalamasindan %150 daha fazla bal iiretimi gergeklesmistir. Tiirkiye’deki bal veriminin diigiikk olmasina sebep olarak
kolonilerin yagli ana arilar tarafindan yonetilmesi bir sebeptir ve bu durum ayni1 zamanda bir risk faktoriidiir (53).

ABD’de 2007-2008 yillarini kapsayan bir ¢alismada ar1 koloni 6liimleri arastirilmistir. Aragtirmanin sonuglari
incelendiginde ise; kolonilerin 6liimiine neden olan ilk bes nedenden biri olarak diisiik kaliteli ana ar1 gosterilmistir
(54). Ayrica, ABD’nin dogusunda yapilan bir ¢alismada da ana ar1 yetersizligi ve degisimindeki basarisizligin koloni
kay1p riskini 3,1 kat arttirdig1 sonucuna ulagilmstir (46).

Gezginci aricilik kaynakh risk faktorleri

Biiyiik 6lgekli yapilan gezginci aricilik faaliyetleri, uzun vadede koloni kayiplari igin incelenen bir diger risk
faktoriidiir. Cilinkii gezginci aricilik esnasinda bir¢ok koloninin uzun mesafeli hareketleri, bir yandan genetik kirlilige
neden olurken diger yandan bolgeye uyumu iyi olan yerel ekotiplerin kaybina yol agmaktadir. Buna ek olarak, gezginci
aricilik esnasinda kovanlarin rastgele dagitilmasi, yan yana yakin kovanlarin olmasina miisaade ederek direngli akarlar,
hastaliklar, parazitlerin yayilmasini ve bulagsmasini hizlandirmaktadir. Bu noktada uygun arilik yerinin se¢iminde
yonlendirme yapilmamasi ve arilarin uzun mesafeli hareketleri aricilik sektorii i¢in bir diger risk faktoriidiir (52,55).

ABD’nin dogusunda bulunan Kuzey Carolina eyaletinde gezginci, izole sabit ve agikta durup maruziyetle
karsilagan sabit aricilik yapilan her biri 16 koloniden olusan 3 grup halinde toplam 48 adet koloni se¢ilmistir. Yapilan
bu ¢aligmanin sonuglarina gore; genel olarak go¢ kosullarinin koloni kosullarini olumsuz etkiledigi ve hastalik yiikiinii
arttirabilecegi sonucuna ulagilmistir. Ayn1 zamanda yapilan bu ¢alismada, gezginci kolonilerin gdg¢ kosullarinin Siyah
Kralige Hiicre Virusu (SKHV) ’nun sebep oldugu enfeksiyonlarin siddetini arttirabilecegi ve kolonilerin daha yavas
biiyiimesine neden olabilecegi 6ne siiriilmektedir (56). Ispanya’da yapilmis olan bir calismada ise, gezginci ariciligin
stres gelistirdigi ve gelisen strese bagli olarak gezginci ar1 kolonilerinde daha yiiksek bir sekilde Varroa destructor ve
Nosema ceranae istilasina maruziyet yasandigi saptanmistir. Yine yapilan bu ¢alismada, Mayis ve Haziran aylarinda
gezginci ve sabit ar1 kolonileri benzer sekilde diisiik bir oranda Varroa destructor’a maruz kalirken; yaz doneminden
sonra gezginci ar1 kolonilerinin, sabit ar1 kolonilerine kiyasla daha yiiksek bir oranda Varroa destructor’a maruz kaldigi
tespit edilmistir. Ayrica gezginci ar1 kolonilerinin kovanlarinin taginmasini takip eden iki hafta sonra ise Nosema
ceranae daha yaygin bir sekilde goriilmiistiir (57). Sonug olarak ar1 kolonilerinin gociiyle birlikte Varroa destructor,
Nosema ceranae, Akdeniz ar kolonilerinde bal kaybina sebebiyet veren Aethina tumida béceginin yayilma riskinin
artmasinin s6z konusu oldugu sonucuna ulagilmistir.(58). Bu nedenle gezginci aricilik sektdr i¢in 6nemli bir risk
faktoriidiir.

Pestisit kullamimi kaynakh risk faktorleri

Insektisit, fungisit, herbisit olarak kullanilan ve sentetik veya dogal kokenli kimyasal maddeler olan pestisitler,
insan veya hayvanlara zarar veren canlilari kontrol altina almak, uzaklastirmak veya Oldiirmek amaciyla
kullanilmaktadir. Ancak bitkilerdeki pestisit kullanimi bal arilarinda akut veya kronik zehirlenmelere yol acarak aricilik
sektorii icin ciddi ekonomik kayiplara neden olmaktadir (59).

Pestisitlerin arilara etkisi iizerine yapilmis olan bir ¢alismada, bal arisi kolonilerine g¢esitli pestisitler
uygulanmig ve arilarin yasam siirelerinde gergeklesen degisiklikler aragtirlmistir. Caligmanin sonuglarina gore,
uygulanan bazi pestisitlerin 24 veya 48 saat sonunda bal arilarinin 6liimiine neden oldugu tespit edilirken; bu siireler
zarfinda bal arilarinin 6liimiine sebep olmayan pestisitlerin de var oldugu saptanmistir. Bu noktada her ne kadar bazi
pestisitler bal arilarinin 6liimiine neden olmasa da maruziyet yasayip kovana dondiikleri zaman kalintili ar1 iirlinlerine
sebebiyet vermektedir (60). Yapilan bir baska ¢aligmada ise, bir pestisit olan “’Cypermethrin®’in bal arilar ve yaban
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arilar tizerindeki etkisi aragtirilmistir. Bu ¢alismanin sonuglarina gore, ilk 6limlerin 60. dakikada yaban arilarinda
basladig: tespit edilirken; bal arilarindaki ilk dliimlerin 110. dakikada basladig: tespit edilmistir. Yapilan bu tespite
gore; bal arilarinin yaban arilarina gore daha dayanikli oldugu sdylenilebilir (61).

ABD’de de koloni dliimlerinin sebeplerini arastiran bir ¢alismada, pestisitlerin kolonilerde dliimlere neden
oldugu tespit edilmistir (54). Yapilan bir ¢aligmanin sonuglarina gore; bal arilarinin neonikotinoidlere kronik 6liimciil
olmayan bir sekilde maruziyeti sebebiyle kolonilerdeki performanslarin olumsuz etkilendigi sonucuna ulasiimistir (62).
Yapilan bagka bir ¢aligmada ise Bombus ar1 kolonileri neonikotinoid grubunda olan imidaklopride maruz birakilmigtir.
Bunun sonucunda, maruziyet yasayan kolonilerde maruziyet yasamayan kolonilere gore biiylimede onemli 6lgiide
azalma gozlenmekle birlikte, ana ar1 iiretiminde de %85’lik bir azalma meydana gelmistir (63). Yine, imidaklopride
maruz kalma ve Nosema sporlar1 arasindaki iligskiyi incelemek amaciyla da bir ¢alisma yapilmistir. Calismanin
sonuglarina gore ise, imidaklopride dldiiriicli diizeyde maruz kalan kolonilerdeki arilarin Nosema spor iiretimi agisindan
etkilesimi agik¢a gozlenmistir (64).

Aricilikta ekonomik, finansal ve pazarlama kaynakl risk faktorleri

Aricilik sektoriindeki lreticiler, basta bal olmak {izere ar1 ve birgok iiriinden gelir elde etmek amaciyla bu
sektor icinde yer almaktadir. Ancak her sektérde oldugu gibi aricilik sektoriinde de iiretim maliyetleri basta olmak
iizere birgok katlanilmasi gereken zorluklar vardir. Girdi maliyetlerinin yiiksekligi, {iriin satig fiyatindaki istikrarsizlik,
ekipman yetersizlikleri gibi faktorler igletmeler i¢in ekonomik, finansal ve pazarlama kaynakli risk olugturmaktadir.
Bu nedenle bu risk faktorii, aricilik sektoriiniin devamliligi icin de 6nem arz etmektedir.

Tiirkiye’nin bal basta olmak iizere diger aricilik iiriinlerine yonelik pazarlama yapisi genel olarak
gelenekseldir. Bu durum pazarlamada etkinligi azaltirken ayni zamanda iiretici i¢in tatmin edici bir gelir kaynagi
olamamaktadir (22). Elazig’da yapilan bir ¢alismada; bolge aricilifi ig¢in sorunlarin en basinda %28,9 oraniyla
pazarlama sorunlar1 gelmektedir. Bu sorun isletmeler icin ayn1 zamanda bir risk faktériidiir. ildeki iireticiler iiriinlerini
pazarlarken c¢esitli problemlerle karsilagsmaktadir. Bunlar; iiriinlerin hak edilen degerinden satilamamasi, iiriinlerin
piyasaya disaridan kontrolsiiz girisi, tiiketicilerin trlinler hakkindaki tedirginligi, pazarlamada etkili olacak
kooperatiflerin olmayisi, liriinlerde fiyat standartinin olusmamasi olarak ¢alismada verilmistir (65). Yine Ardahan’da
da yapilan ¢aligmada pazarlama riski olarak balin hak edilen degerden satilamamasi riski dikkat ¢ekmektedir (66). Ar1
tirlinlerindeki fiyat istikrarsizliklari ise, Akdeniz bolgesinde yapilan bir ¢aligmada %31,65 oraniyla dikkat ¢ceken bir
risk faktoriidiir (67). Bu risklerden farkli olarak Adana’da yapilan bir ¢alismada, {ireticilerin %33,9’unun karsilastigi
risk faktorii vadeli satiglar ve treticilerin dolandirilmasi seklinde saptanmigtir. Ayrica, iilkeye kagak bal girisi de bir
diger pazarlama riski olarak bildirilmistir. (68). Ulkeye kagak ballarin girisi, pazarlama noktasinda tiiketiciler agisindan
ballara karsi giivensiz bir bakis olusturmaktadir. Bu giivensizligin olusmamasi adina bu konudaki onlemlerin
genisletilmesi 6nem arz etmektedir. Bu baslik altinda incelenebilecek bir diger risk faktorii ise isletmeler i¢in sorun
teskil eden girdi maliyetleridir. Mugla ili Milas ilgesinde yapilan bir ¢aligmaya gore goger aricilik 6n plandadir. Bu
nedenden dolay1 iireticilerin girdi maliyetlerinden biri nakliye masrafidir ve bu durum aricilik isletmelerinde
stirdiiriilebilirligin 6niinde bir tehdit unsurudur (38). Ege bolgesinde yapilan bir ¢alismada; iireticilerin biiyiik bir
¢ogunlugunun mevcut destekleme politikasini yeterli bulmadigi saptanirken; iireticilerin nakliye, pazarlama gibi
konular noktasinda daha fazla destek bekledigi sonucuna ulagilmistir (43). Ayrica, Aydin, Mugla, Denizli illerini igeren
bir ¢alismaya gore; finansman tedariki amaciyla kredi alma noktasinda iireticilerin %35 inin bankalar tarafindan yiiksek
miktarda teminat istenmesi sebebiyle bu imkandan yararlanamadig1 sonucuna ulagilmistir (14). Bu sonugtan hareketle
bolgede azimsanamayacak derecede finansman riskinin mevcudiyetinden de bahsetmek miimkiindiir.

Yapilan bir ¢alismada; Tiirkiye’nin ihrag ettigi bal miktarinda dalgalanmalarin mevcut oldugu bildirilmistir
(22). Bu durumun birgok sebebi vardir. Bunlari, bal akim doneminde arilarin nisasta ve ticari glikozlarla beslenmesi
sonucunda ihra¢ edilen ballarin giimriiklerden dénmesi, bal iiretim miktarinin giin gegtikge artan i¢ piyasa talebini
ancak karsilamasi, arilarda ruhsatsiz ila¢ kullanimimna bagli olarak balda kalinti olusmasi seklinde siralamak
mimkindiir (14).
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Yurtdisinda yapilan ¢alismaya gore; Etiyopya’daki iireticilerin yasadigi sorunlardan birisi bolgede sektor i¢in
resmi kredi kurumlarinin yetersizligidir. Ayn1 calismada dikkat ¢eken bir diger faktor ise; iilkenin ¢ogu yerinde bal
isleme kuruluslarinin eksikligidir. Yapilan c¢aligmaya gore, bu eksiklik balin kalitesiz olmasina yol acarken ayni
zamanda bal fiyatlariin diisiik olmasina neden olmaktadir (69). Bat1 Etiyopya’da yapilan bir ¢calismada ise; aricilik
sektorlinlin gelismesinin Oniindeki engellerden bir tanesinin ariciligin modern bir sekilde yapilmasim saglayan
ekipmanlarin maliyetinin yiiksek olmasi oldugu belirtilmistir. Ayn1 ¢calismada dikkat ¢eken bir diger faktor ise; iilkenin
¢ogu yerinde bal isleme kuruluslarinin eksikligidir. Yapilan ¢alismaya gore, bu eksiklik balin kalitesiz olmasina yol
acarken ayni zamanda bal fiyatlarinin diisiik olmasina neden olmaktadir (70). Hindistan’da yapilan bir ¢aligmada ise,
iireticilerin finansal kisitlamalar nedeniyle kaybettigi kolonileri yenileyemedigi ve bu nedenden dolay1 da ariciligi
ekonomik olarak tekrar uygulanabilir seviyeye getirmede zorluk ¢ektigi bildirilmistir. Ayni ¢aligmada iireticilerin
%46,72’si bal ve diger ar1 iiriinlerinin pazarlanmasinda risklerle kars: karstya kaldiklarmi belirtmistirler. Ureticiler,
pazarlama konusunda kooperatif ve kurumsal destek alamadiklari i¢in iiriinlerini toptancilara ¢ok diisiik fiyattan satmak
zorunda olduklarini dile getirmislerdir (71). Bati Uganda’da yapilan bir ¢alismada ise, iireticilerin ¢cogunun kalitesi
yliksek ballar1 diisiik fiyatlarla sattig1 tespit edilmistir. Ayrica bdlgede aricilik i¢in gerekli ekipmanlarin fiyatlar da
yiiksektir. Bu iki durum sektordeki tireticileri caydirmakta ve sektor igin risk faktorii olusturmaktadir (72).

Aricilik sektoriindeki diger risk faktorleri

Beslenme yetersizligi kaynakli olugan riskler: Yeterli beslenme, canlilarin tiimii ve dolayistyla arilar ve aricilik sektorii
icin 6nem tasimaktadir.Ardahan ilinde yapilan bir ¢alismanin sonuglar degerlendirildiginde; gida eksikligi kaynakli
ortaya ¢ikan yetersiz beslenme faktorii iireticilerin kolonilerinde kayiplara neden olan bir risk faktoriidiir. Bu faktoriin
koloni kayiplarindaki pay1 %15,49 olarak tespit edilmistir (73). Bingdl ilinde koloni kayiplarinin sebebini aragtiran bir
caligma sonucunda ise; besin yetersizliginin hastalik ve olumsuz iklim kosullarindan sonra ii¢lincii sirada 6nemli bir
faktor oldugu tespit edilmistir (41). ABD’de yapilan bir ¢alismada ise, 2007-2008 yillarin1 kapsayan koloni
kayiplarinin ilk bes nedeninden biri aglik veya besin yetersizligi kaynakli oldugu bildirilmektedir (54). Yapilan
caligmalar, beslenme yetersizliginin kolonilerde kayiplar olusturdugunu gostermektedir.

Kislatma kayiplar: kaynakly olusan riskler: Kislatma kayiplar1 da dnemli bir risk faktoriidiir ve ¢esitli galismalara konu
olmustur. Akdeniz bdlgesinde yapilan bir calismada kiglatma kayiplarimin oram ortalama olarak %17,31 olarak tespit
edilmigtir. Bolgede bu durumun en 6nemli iki sebebi; hastalik ve parazitlerin yaninda asir1 soguk havalar olarak
saptanmistir (67). Ardahan ilinde yapilan bir ¢aligmada ise kiglatma kayiplari birden ¢ok faktdre baglanmistir. Bu
faktorler; aclik, kisa zayif kolonilerle girilmesi, kiglatma kosullarmin kotii olmasi, hastalik ve zararlilar, sonbahar
bakiminin yetersiz olusu, iklim degisiklikleri olarak sayilabilmektedir (74). Avrupa iilkelerinin 19’unda 2012-2013
yillart kis donemini kapsayan bir ¢alisma yapilmistir. Calismaya katilim gosteren 15.850 tane aricinin 15.720 tanesi
koloni kaybina yonelik veri saglamistir. Aricilar, bu donemde 277.609 adet koloniyi kislatmistir ve bu kislatma
sonucunda kolonilerin %16,10’unun kayba ugradig1 tespit edilmistir. Yapilan bu ¢alismada Varroa zararlisina yonelik
tedavi stratejisinin kayiplarda énemli oldugu saptanmuistir (75). Avrupa iilkelerinin 27’sine ek olarak Meksika, Cezayir
ve Israil’i de kapsayan ve 2016-2017 kis donemini kapsayan bir ¢alismanin sonuglarina gére ise; kolonilerini kislatan
14.813 tane aricidan veri elde edilmistir. Bu 14.813 tane aric1 toplamda 425.762 adet koloniyi kiglatmistir. Elde edilen
verilere gore ise, kolonilerin %14,15’inin kis aylarinda kayba ugradig: tespit edilmistir (76). Toplamda 36 ilkeyi
kapsayan ve 2017-2018 kis dénemini kapsayan bir ¢alismada ise 25.363 tane aric1 tarafindan kislatilan 544.879 adet
koloni incelenmistir. Incelenen kolonilerin %10 oramnda kaybedilen kismmin kis sonrasi kaybedildigi sonucuna
ulagilmugtir (77). Yapilan bu ¢aligmalarda kislatma kayiplarint etkileyen nedenleri; tedavi stratejisi, hava sartlarinin
olumsuz olmasi sebebiyle besine ulagma zorlugu, ana ar1 sorunlari, ariciligin yapilis sekli olarak tespit edilmistir (75-
77).

Hirsizlik ve kovan ¢alinmasi kaynakly riskler: Hirsizlik ve kovan g¢alinmasi, aricilann karsilastign bir diger risk
faktoriidiir. Mugla, Denizli ve Aydin il ve ilgelerinde yapilan bir ¢calismada; 73 tane aricinin 27 tanesi yani aricilarin
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%36,98’1 hirsizlik ve kovan ¢alinmalarina kars1 olusan riskin Tarim Sigortalar1 Havuzu (TARSIM) tarafindan mevcutta
var olan aricilik sigortast kapsamina alinmasini beklemektedir (78). Yine Giiney Marmara Bolgesi’nde yapilan bir
calismada iireticilerin %80 inin ¢esitli sorunlu ve risklerle karsilastig1 tespit edilmistir. Ureticilerin karsilastiklar1 bu
sorun ve riskler faktorlerinden bir tanesi ise hirsizlik olarak saptanmistir (79). Tanzanya’ da yapilan bir ¢alismada ise;
hirsizlik faktoriiniin %53 oranla aricilarin en ¢ok karsilastigi risklerden ikincisi oldugu belirtilmistir (80).

Dogal afetler kaynakl: riskler: Dogal afetler, doga kosullarina hassas bir sektdr olan aricilik sektorii i¢in bir tehdit
unsurudur. Bu dogal afetlerden birisi erozyondur. Yapilan bir c¢alismada, erozyonun etkisi Bingdl ili &zelinde
incelenmigtir. Bu ¢aligmaya gore; birgok faktor tarafindan tetiklenen erozyonun siddetli hale gelebilecegi ve bunun
sonucunda bitki olusum ve yayiliminin zayifladigi sonucuna ulagilmistir. Bu durum dogaya karsi hassas olan arilarin
verimini olumsuz bir sekilde etkilemektedir (81).

Arilar igin 6nemli bir diger risk faktorii ise orman yangmlar1 olarak ele alinabilir. Ozellikle 2021 yili yaz
aylarinda Tiirkiye’de ve Diinya’daki ormanlarda ortaya ¢ikan yanginlar, ormanlarin tahrip olmasina sebebiyet vererek
(82) arilar i¢in tehdit olusturmustur. Ormanlardaki bozukluk veya orman yanginlari, 6nemli bir polinator bocek olan
arilarin yogunlugunu ve ¢esitliligi azaltmaktadir. Polinator bir bocek olan arilarda gelisen kayiplar; ticari kayiplara ve
iiriin kalitesinde azalmaya sebep olmakla birlikte ekosistemin bozulmasina sebebiyet vermektedir. Bu da ekonomik ve
ekolojik siirdiirebilirligin 6niinde engel olusturmaktadir (83). Bunun yaninda her ne kadar tek sebep olmasa da orman
yanginlarini, ariciligin ticari olarak yapilmasini da engelleyebilir. Bu durum Tanzanya’da yapilan bir ¢aligma
sonucunda tespit edilmistir (84).

Sonuc¢ ve oneriler

Bu ¢alismada Tiirkiye ve Diinya iizerinde bulunan diger iilkelerin aricilik sektoriinde karsilastig risk faktorleri
incelenmistir.

Tiirkiye ve Diinya iizerinde bulunan iilkelerin aricilik sektoriinde karsilastigi risklerin en basinda kiiresel
1sinma ve iklim degisikligi yer almaktadir. Bunun sebebi, bal arilarin dogaya daha bagimli ve daha hassas olmasidir.
Sektorde var olan bir diger risk faktorii ise hastalik ve zararlilardir. Hastalik ve zararlilarla miicadelenin etkili ve bilingli
yapilamamasi kolonilerde biiyiik kayiplara neden olmaktadir ve miicadelenin bilingsiz yapilmasi aynt zamanda balda
kalint1 problemi olusturmaktadir. Aricilik sektdriindeki bir diger risk faktori olarak ise, ciftgiler tarafindan zamansiz
ve habersiz pestisit kullanim1 ve zirai ilag kullanimi ele alinabilir. Boyle bir kullanimda 6nlem alinilamadig takdirde,
bazi pestisitler kolonilerin kaybina neden olmaktadir. Ana ari, bu sektor i¢in 6nemli bir faktérdiir. Sektor 6zelinde yash
ana arilar1 uygun zamanda ve uygun sekilde kaliteli ana arilarla degistirmek gereklidir. Aricilik sektorii de diger
sektorlerde oldugu gibi bilgi ve emek isteyen bir sektdrdiir. Yetersiz bilgiyle aricilik yapilmasi, eksik veya hatali
uygulamalari beraberinde getirmektedir. Aricilik sektdriinde risk olugturabilen bir diger faktor ariciligin yapilis sekliyle
ilgilidir. Cilinkii gezginci aricilik, arilarda tagima stresi olusturmasinin yaninda tagima esnasindan bolgeden bolgeye
hastalik ve zararlilarin yayilmasia sebep olmaktadir. Ayrica gezginci ariciliktaki bolgeler arasi transferle genetik
kirlilik de olusturmaktadir. Bu durum bélgenin saf irklari i¢in tehdit unsurudur. Aricilik sektorii de tipki diger sektorler
gibi belirli girdilerle ¢iktilar saglayarak kazang elde etmeye yoneliktir. Bu durumdan dolay1 ekonomik, finansal ve
pazarlama riskiyle kars1 karsiya kalmaktadir. Isletmeler, bu risk faktériiniin etkisini azaltmak veya engellemek amaciyla
oncelikli olarak ar1 iriinlerindeki verimi arttirmaya yonelik caba gosterebilir. Yine bunun disinda, ireticiler
kooperatifler araciligiyla kendi i¢inde orgiitlenme diizeyini arttirabilir. Boylece lirlinlerinin satisim belirli bir fiyat
iizerinden yaparak refah diizeylerini arttirabilirler.

Aricilik sektoriinde yer alan isletmeler karsilastiklar1 ve karsilasabilecekleri bu riskleri iyi analiz etmelidir.
Boylece, risk faktorlerine karsi, var olan yontemleri gelistirerek veya yeni yontemler ortaya koyarak daha iyi stratejiler
belirleyebilir. Risklerin analizini yaparken ise isletmede kayit tutma 6nem arz etmektedir. Bu yiizden iireticiler bu
konuda tegvik edilmelidir. Kayit tutma islemi, kolonilerin yonetiminde kolaylik saglamaktadir. Koloni ydnetimi
acisindan bir diger 6nemli husus ise ana arilarin ya yillik ya da iki yilda bir degistirilmesidir. Bunun sebebi ise ana
arilarn iki yagindan sonra degistirilmesinin verimlerde azalmaya yol agmasidir.
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Kiiresel 1sinma ve iklim degisikligi, her ne kadar dogal bir olay gibi goziikse de insanlarin gevreye duyarsizlig
bu durumu daha da tetiklemektedir. Kiiresel 1sinma ve iklim degisikligi, yasadigimiz Diinya i¢in ve hayvancilik
ozelinde ozellikle aricilik sektorii i¢in tehdit unsuru oldugu i¢in insanlar bu konuda daha ¢ok bilinglendirilmeye
calisilmalidir.

Sigorta uygulamalari, aricilik sektoriinde karsilasilan risklerin {ireticiyi olumsuz etkilememesi adina ve
aricihigin siirdiiriilebilirligi i¢in gereklidir. Sigorta uygulamalar1 olan ancak teminat kapsami yetersiz olan {ilkelerde
iireticinin istegi dogrultusunda genigletme yapilabilir. Bu sayede iireticiler daha fazla tegvik edilerek sigorta yaptiran
iiretici sayis1 arttirilabilir. Ornegin, Tiirkiye’de hirsizlik ve kovan ¢alinmasina yonelik bir uygulama sigorta kapsaminda
degildir. Ancak yapilan ¢calismalarda iiretici boyle bir uygulamanin sigorta kapsamina alinmasini istemektedir. Hirsizlik
ve kovan ¢alinmasina yonelik uygulamalarin sigorta kapsamina alinmasiyla {lireticinin sigorta yaptirma konusunda daha
cok tesvik olacagi tahmin edilmektedir. Yine aricilikla ugrasilan ancak aricilik sektoriiyle ilgili bir sigorta kapsamina
sahip olmayan iilkelerin hiikiimetleri de sigorta faaliyetleri planlayarak hayata gecirmelidir.

Aricilik sektoriinde 6zellikle Varroa akari ve Nosema cerenae kaynakli hastalik ve zararlilar yaygindir. Bu
durum, isletmelerde ekonomik kayiplara neden olmaktadir. Bundan dolayi; aricilara hastalik ve zararlilar yoniinden
egitimler verilerek hastalik ve zararlilar hakkinda bilgi sahibi olmalari saglanabilir. Ayrica kolonilerde ortaya ¢ikan
hastalik ve zararlilarla miicadelede uzman personele ulasarak destek almalar1 saglanmalidir. Bu sayede eksik veya
hatali tedavi uygulamalarindan kaginilabilir. Boylece hastalik ve zararlilarla daha etkin ve bilingli miicadele imkani
saglanilabilir.

Gezginci aricilik esnasinda kovan hareketliligi kisitlanarak ve kovanlar arasi mesafeler denetimli bir sekilde
arttirllarak hastalik ve zararlilarin yayilmasi azaltilabilir hatta bu yayilmanin tamamen o6niine gegilebilir.

Pazarlamaya yonelik markalasma ve reklam calismalan 6nem arz etmektedir. Isletmeler, bu sayede
tanitimlarini daha iyi yapabilecek ve gelir miktarint daha ¢ok arttirabilecektir. Yapilacak olan bu ¢aligmalarla birlikte
igletmeler ulusaldan uluslararas1 genislige ulasabilir. Bu sayede uluslarin ihracat gelirleri artabilir.

Gida denetimleri arttirilarak denetimlerin ardindan kusurlu {iretim yapan isletmelere ¢ok ciddi cezalarin
uygulanmasi gerekli bir durumdur. Boylece kalinti gibi biiylik bir problemin oniine gecilerek gida giivenligi
saglanabilir. Bdylece iiriinlerin homojen olmasi, kalitenin arttirilabilmesiyle birlikte uluslarin ihracatta eli
giiclenebilecektir.

Sonug olarak; Tiirkiye ve Diinya lizerindeki tlkeler igin aricilik sektoriinde ¢esitli risk faktorleri mevcuttur.
Bu risk faktorlerinin bazilar1 dogal sebeplerden kaynaklansa da bu risklerden alinabilecek olumsuz durumlar en aza
indirilebilir. Risk faktorlerinin bazilart ise, fiiretici tarafindan tamamen ortadan kaldirilabilir. Ureticinin
bilinglendirilmesiyle aricilik daha profesyonel yapilabilir. Profesyonel aricilar ise, diger aricilart tesvik ederek
stirdiirtilebilir aricilik icin 6nemli rol oynayabilir.

Cikar Catismasi Beyam

Makalenin yazarlar arasinda bu derleme ¢aligmasi kapsaminda herhangi bir kisisel ve finansal ¢ikar
¢atismasi bulunmamaktadir.

Finansal Kaynak Beyam

Bu calisma sirasinda, yapilan aragtirma konusu ile ilgili dogrudan baglantist bulunan herhangi bir ilag
firmasindan, tibbi alet, gere¢ ve malzeme saglayan ve/veya iireten bir firma veya herhangi bir ticari firmadan,
caligmanin degerlendirme siirecinde, ¢aligma ile ilgili verilecek karar1 olumsuz etkileyebilecek maddi ve/veya manevi
herhangi bir destek alinmamastir.
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18. Yazisma adresi, c¢alismada sablon igerisinde verilen kisimda yer almalidir. Cok yazarli calismalarda

yazarlardan sadece birinin adi, yazisma adresi olarak belirtilmelidir.
19. Veteriner Hekimler Dernegi Dergisinde yayimlanacak olan, hayvan deneylerine dayali bilimsel ¢alismalarda
"Etik Kurul Onay1 Almmugtir" ifadesi aranir.

20. Arastirmaya konu olan maddelerin ve tirlinlerin ticari adlari kullanilmamalidir.
21. Dergide yayinlanan her tiirlii makalede yer alan ifade veya goriislerin sorumlulugu yazarlarina aittir. Editorler,
Editor Kurulu ve yaymci bu tlir materyaller i¢in herhangi bir sorumluluk kabul etmemektedir.
22. Gonderilen makaleler gelis tarihine gore hakeme gonderilir ve yayin kurulunun aldig: kararla yayimlanir.

23. Makale Veteriner Hekimler Dernegi Dergisi tarafindan yayimlanmak iizere kabul edilirse, yazar(lar),
makalenin Creative Commons Attribution-NonCommercial 4.0 Uluslararasi Lisans1 (CC-BY-NC) kapsaminda
lisanslanacagini kabul eder.

*Yazarlar dergi etik ilke ve yayin politikasina iliskin bilgilere asagidaki baglantidan erigebilirler:
https://dergipark.org.tr/tr/pub/vetheder/policy

*Yazarlar Dergi ticret politikasina iliskin bilgilere agagidaki baglantidan erisebilirler:
https://dergipark.org.tr/tr/pub/vetheder/price-policy
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AUTHOR GUIDELINES / INSTRUCTIONS TO AUTHORS

1. Veteriner Hekimler Dernegi Dergisi (Journal of the Turkish Veterinary Medical Society) is published
biannually (January, June) and its abbreviation is “Vet Hekim Der Derg”.

2. The language of the journal is Turkish or English.

3. The journal publishes original scientific research, reviews, case studies, and short communication studies on
current issues not previously published anywhere else. Review studies are requested by invitation.

4. The Editorial Board decides whether to publish the paper, considering peer reviews, scientific significance, and
manuscript quality. Except for the referees' comments, the articles cannot be changed or deleted after acceptance.
5. Manuscripts should be prepared using the template given in the web page of the journal
(https://dergipark.org.tr/en/pub/vetheder/writing-rules) After preparing the manuscript according to the
template; the author(s) are expected to upload 4 documents via the Dergipark submission system (1 Full
text, 1 Additional manuscript file, 1 Ethical statement file, 1 Copyright Agreement and Authors’
Contribution file).

6. Manuscripts including figures and tables should not exceed 15 pages for original research articles and review
articles, 10 pages for short communications, and 8 pages for case reports.

7. Manuscript title should be short and clear; the first letter should be in capital letters and the rest in small
letters (e.g. “Uterine pathologies in cats and dogs”). If needed, the explanation regarding the study should be
indicated as footnotes.

8. Name and surnames of the authors should be written under the article title; their addresses, ORCIDs, and
titles must be placed on the first page as a footnote.

9. Abstract should be short, and plain and include the most important parts of the manuscript. The English
abstract must be at least 200, at most 300 words. At least 3, at most 5 English keywords should be selected in
accordance with MeSH and written alphabetically. Researchers whose native language is not Turkish do not
have to write an abstract in Turkish.

10. The introduction should include the literature reviews related to the study and the aim/s should be indicated
in the last paragraph. The introduction should not exceed 2 pages.

11. Material and methods should be written in a clear and understandable manner without any unnecessary
details. If ethical committee permission is required, it should be stated absolutely (with Institution, Date, issue
number).

12. In the results, the data should be shortly explained. Repetition of data given in tables should be avoided.P
values should be reported exactly in the display of statistical analysis results. 3 digits after the decimal point are
sufficient for the P value, and 2 digits after the decimal point are sufficient for reporting descriptive statistics.

For articles whose native language is Turkish, a comma (,) should be used as a decimal separator, and a dot (.)
should be used for English-language articles.

13. Titles must be centered and written boldly with the first letter of each word capitalized. Second-degree
subtitles must be left justified with only the first letter capitalized. Third-degree subtitles must be at the
beginning of the paragraph and written Italic with only the first letter capitalized.

14. Table and figure titles must be written both in Turkish and in English. Vertical lines should not be used in
the tables. If horizontal is needed, they may only be used under the first and last lines of the table.

15. Authors must place the extension of abbreviations in the first use of the text. Genus and species names in
Latin must be written in Italic. All measurements must be indicated according to Systeme Internationale (SI)
units.

16. In the discussion and conclusion, the data should be interpreted with other study results indicated in the
reference list.

17. Journal uses the Vancouver citation style. Details about how to cite a study are given at
https://dergipark.org.tr/en/pub/vetheder/writing-rules . You may also download the Endnote style appropriate for
this journal using the link above.

Example of Reference used in the text: Each piece of work that is cited in your text should have a unique number,
assigned in the order of citation. If, in your text, you cite a piece of work more than once, the same citation number
should be used. You can write the number in brackets. If you want to cite several pieces of work in the same
sentence, you will need to include the citation number for each piece of work. A hyphen should be used to link
numbers that are inclusive, and a comma used where numbers are not consecutive.
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If a work has more than one author and you want to cite author names in your text, use ‘et al.” after the first author.
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Some books may contain chapters written by different authors. When citing work from such a book, the author
who wrote the chapter should be cited, not the editor of the book.

Representation in the references section: Only commas should be placed between the names of the authors in
studies with multiple authors. References should be listed and numbered, taking into account the index in which
the reference is first made in the text.

In reference writing, the names of the authors and the title of the subject should be written in normal font. The first
letter of the Author Surnames should be capitalized, the following letters should be written in lowercase, and only
the initials of the names should be written in capital letters without a dot in between. Abbreviations of journal
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Title Abbreviations: By Abbreviation. The period should not be used in the abbreviation of the journal. All the
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Scientific American; 1995.

Fauci AS, Braunwald E, Isselbacher KJ, Wilson JD, Martin JB, Kasper DL, et al, editors. Harrison’s principles of
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If the reference is a book chapter:
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Norwalk (CN): Appleton and Lange; 1995. p. 361-80.
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only the corresponding author’s name should be given as correspondence address.
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22. The articles received are subjected to review according to their arrival dates and are published consistent with
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License (CC-BY-NC).
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YAYIN HAKKI BILGILENDIRME VE YAZAR KATKI BEYANI

Makale Baghgi

Asagida imzasi bulunan yazarlar, Veteriner Hekimler Dernegi
Dergisi'nin ve yayincinin yukarida adi gegen vyazinin
iceriginden sorumlu olmadigini kabul ederler.

Telif Hakki

Asagida imzasi bulunan yazarlar;
o Gonderilen yazinin (metin, tablolar, sekiller, gérseller
ve ilgili diger igerik dahil) orijinal oldugu ve kismen veya
tamamen daha 6nce yayinlanmamis oldugunu,
o Makalenin tamami veya bir kismi yayimlanmis ise,
Veteriner Hekimler Dernegi Dergisi'nde yayinlanmasi
icin tim izinlerin alinmig oldugunu, orijinal telif hakki
formu ve gerekli diger belgelerin de Veteriner Hekimler
Dernegi ve tim ilgililere iletilecegini kabul eder.
o Yazarlar, makalenin baskalarinin kisisel veya miilkiyet
haklarini ihlal etmedigini garanti eder ve bu yazinin
iceriginin sorumlulugunu ve ayrica yazi ile ilgili diger
tiim yasal sorumluluklari kabul eder.
o Bu formu imzalayan yazarlar, makalenin Veteriner
Hekimler Dernegi Dergisi tarafindan yayinlanmak tizere
kabul edilmesi halinde, ligiincl sahislarin paylasmasina
ve uyarlamasina izin veren Creative Commons Atif-
GayriTicari 4.0 Uluslararasi  Lisansi  (CC-BY-NC)
kapsaminda lisanslanacagini kabul ederler. Bu lisans ile
orijinal ¢alismaya uygun atifi vermek sartiyla, ¢alisma
materyali, yalnizca ticari olmayan amaglar igin
kullanilabilir.
Lisansla ilgili daha fazla ayrinti icin asagidaki erisim
baglantisini kullanabilirsiniz:
https://creativecommons.org/licenses/by-nc/4.0
o Yazarlar, telif hakki da dahil olmak Gzere makalenin
tiim patent ve diger miilkiyet haklarini elinde tutar.

Yazar Yazarlik Katkis imza

N o v s WwWDNEPRE

Yazarlik Katkisi

Veteriner Hekimler Dernegi Dergisi, ICMJE'nin asagidaki 4

kriteri iceren yazarlga iliskin tavsiyelerine bagli kalmaktadir:
i. Calisma konseptine veya tasarimina 6nemli katkilarda
bulunmak; veya galisma igin verilerin elde edilmesi,
analizi veya yorumlanmasinda gorev almak;
ii. Calismayi hazirlamak veya énemli entelektiel igerik
icin elestirel olarak gbzden gegirmek;
iii. Calismanin yayinlanacak versiyonunun nihai olarak
onaylanmasi;
iv. Calismanin herhangi bir bolimiinin dogrulugu veya
batinluga  ile ilgili  sorularin  uygun sekilde
sorusturulmasint  ve ¢ozilmesini  saglamak igin
galismanin tiim yénlerinden sorumlu olma hususunda
hem fikir olunmasi

Tum vyazarlar yukarida belirtilen ilk 3 kriterde belirtilen
kosullari yerine getirmelidir. Belirtilen kosullari yerine
getirmeyenler, makalenin "Tesekkur" bélimiinde
belirtilecektir.

Asagida imzasi bulunan yazarlar, yukarida belirtilen hikim
ve kosullara gore yazarlik igin uygun olduklarini onaylarlar.

Yazarlik Katki Tiirleri

Lutfen asagidaki tablonun "Katki Tard" bolimind
doldururken ilgili numarayi kullaniniz.

1. Fikir / Kavram; 2. Deney Tasarimi; 3. Denetleme/
Danismanlik; 4. Veri toplama ve/veya isleme; 5. Veri analizi
ve/veya yorum; 6. Kaynak taramasi; 7. Makalenin yazilmasi;
8. Elestirel inceleme

Bu form tiim vyazarlar tarafindan imzalanmali ve ilk
gonderim sirasinda diger makale dosyalariyla birlikte
sisteme yiiklenmelidir.
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Etik Kurul Raporu & Beyami:_Arastirmada hayvan kullanilmis ise arastirma etik kurul tarafindan
onaylanmali ilgili belge ¢evrimi¢i makale degerlendirme sistemine yiiklenmelidir. Hayvan kullanilmayan
veri toplanarak gergeklestirilmis ¢alismalar igin verileri, bilgileri ve dokiimanlari akademik ve etik kurallar
cergevesinde elde ettigine iliskin ilgili kurumé&kuruluslardan alinmis izin belgesi veya etik beyan formunun
doldurulmasi ve sisteme yliklenmesi gerekmektedir.

Ethics Committee Report & Statement: If animals were used in the study, the research should be
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e Kaullanilan verilerde ve ortaya c¢ikan sonuglarda herhangi bir degisiklik
yapmadigimi/yapmadigimizi,

e Bu calismada belirtilen bilgilerin ve bulgularin 6zgiin oldugunu,

bildirir, aksi bir durumda aleyhime dogabilecek tiim hak kayiplarint kabullendigimi

beyan ederim/ederiz.
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Ethics Committee Report & Statement: If animals were used in the study, the research should be
approved by the ethics committee and the relevant document should be uploaded to the online manuscript
evaluation system. For studies carried out by collecting data without animals, it is necessary to fill in the
permission document or ethical declaration form obtained from the relevant institutions and organizations
that they have obtained the data, information and documents within the framework of academic and ethical
rules.
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